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Description 

FIELD OF THE INVENTION 



roOOIl The present invention relates to a cyanoacrylate composition having photocurability. Possible appi Nations of 
the composition include lithography, potting, molding, coating, adhesives, sealing materials, and various resist mate- 
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rials, 

RACKGROUND OF THE INVENTION 



[00021 a-Cyanoacrylate adhesives are extensive^ utilized as cold-setting single-liquid type instantaneous adhesives 
or metals plastics, rubbers, woods, etc., because they rapidly polymerize and cure by the action of a m.nute arnount 
of the adso^tion water present on adherend surfaces to extremely tenaciously bond the adherends to each other .n 

mOM? " HoieveTthe a-cyanoacrylate adhesives have a drawback that the curing is very slow when the gap between 
adherends ,s wide, when the adhesive applied has overflown from the bonding part, or when the adhesive applied .s 
not sandwiched between a pair of adherends as In coating. 

M04] in general, a cyanoacrylate adhesK^e with which a large gap is filled or which has overflown from a bond ng 
part IS cured by using a primer or a curing accelerator. However, not only this technique is troublesorne, but also the 
bSrcompounduseLs me main component of the primerorcuringaccelerator and the odor of the solvent contained 

therein are undesirable for the working environment. ^ ... •• ,u „„„„ii„„t 

[0005] Thereishenceadesireforacyanoacrylateadhesivewhichcanbeeasilycuredwithoutimpamngtheexcellent 

features of the instantaneous adhesive, i.e., cold-setting and single-liquid type, 

[00061 To eliminate the problem described above, cyanoacrylate adhesive composrtions having photocurability have 
been proposed. For example, a cyanoacrylate adhesive composition containing a radical-generating Photopolymer. 
za«on initiator is disclosed in JP-A-62-57475. (The term "JP-A" as used herein means an "unexamined published 

jrA^S^2t disclLs an adhesive composition containing an aromatic azide compound as a photoinitiator 

for anionic polymerization. j „„ „ „u„«„iriitiow for 

30 [0008] W093/1 0483 discloses a technique in which an inorganic chromium complex is used as a photoinitiator for 

'^FurtheTaSnique of using R(acac)2 as a photoinitiator for anionte polymerization is reported in Macromol- 

raoij ^TheiepropofScompositions, however, have problems such as the following. In order for the compositions 
to cure a relatively long light irradiation lime of from 1 to 2 minutes is necessary. In the case of radical polymerizat^, 
the curing reaction is inhibfted by oxygen and, as a result, the adhesive surface suffers cunng failure or remains tacky. 
Moreover, the compositions foam upon light irradiation, or have poor storage stability. 

[0011] On the other hand, many proposals have been made on photocurable composrtions containing a nnetallocene 
impound as a photoinitiator. Metallocene compounds are general^ used as a photoinitiator for radical PoVmer^ation 
or cationk: polymerization. For example, JP-A-6-351 89 discloses a photopolymerizable mixture containing a photoin- 
itiator comprising (A) a photoreduclble dye, (B) a radiation-decomposable trihalomethyl compound, and (C) a metal- 
locene compound and a recording material produced from the mixture. ,u„i„,„„^ti„nnf 
r00121 JP-A-5-117311 discloses a photopolymerization initiator comprising a complex obtained by the 'nteract on o 
A) a charge-transfer complex comprising a biscyclopentadienyliron derivative and a quinoid compound with (B) at 
least one salt selected from the group consisting of tetrafluoroboric acid salts, hexafluorophosphoric acid salts, and 

hexafluoroantimonic acid salts. „h/stnra 
[00131 JP-A-4-221 958 discloses a photopolymerizable mixture containing a metallocene compound as a photore- 
action initiator and a recording material produced from the mixture. 

r0014l JP-A-2-127404 discloses a photopolymerizable mixture containing a photoinitiator comprising (A) a photo- 
reducible dye, (B) a radiation-decomposable trihalomethyl compound, and (C) a metallocene compound and a record- 
ing matenal produced from the mixture. . . 
[M15] JP-A-4-73763 discloses a photocurable electrodeposition coating composition containing a titanocene com- 

[Oolei %TrtS,Ttechnique of photocuring a vinyl monomer by means of ferrocene alone or a combination thereof 
55 with carbon tetrachloride is reported in J. Macromol. Sci.-Chem.. A28 (5&6), 557 (1 991 )■ ,^„,i„ni^ 
[00171 However the techniques shown above are based on a polymerization mechanism in which a radical orcationic 
polymerization reaction proceeds, and are unrelated to the technique for photopolymerizing and curing an a-cyanoacr- 
ylate mainly by anionic polymerization, in particular to the technique of the present invention. 
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SUMMARY OF THE INVENTION 

[0018] An object of the present invention is to provide a photocurable composition having excellent photccurability 
to overcome the above-described problems in the prior art. 

[0019] The present inventors have found that the above object Is achieved with the following embodiments: 

(1) a photocurable composition comprising: 

(A) an a-cyanoacrylate and 

(B) a mctallocene compound comprising a transition metal of Group VIII of the penodic table and aromatic 
electron system ligands; 

(2) the photocurable composition according to the embodiment (1), further comprising (C) a cleavage-type pho- 

toinitiator; , „ . 

(3) the photocurable composition according to the embodiment (1) or (2), wherein .n the metallocene compound 
(B) comprising a transition metal of Group VIII of the periodic table and aromatic electron system ligands, the 
aromatic electron system ligands each is a ji-arene, indenyl, or ii-cyclopentadienyl; 

(4) the photocurable composition according to any one of the embodiments (1) to (3), wherein the metallocene 
compound (B) comprising a transition metal of Group VII I of the periodic table and aromatic electron system ligands 
is represented by the following formula (I): 




(I) 



(wherein M represents a transition metal of Group VIII of the periodic table; R represents a halogen atom, a hy- 
drocarbon group having 1 to 20 carbon atoms, a halogenated hydrocarbon group having 1 to 20 carbon atoms, 
or a silicon atom^ntaining, oxygen atom-containing, sulfur atom-containing, or phosphorus atom-containing 
group having 1 to 20 carbon atoms, provided that the R's may be the same or different and may be crosslinked to 
each other; symbol a represents an integer of from 0 to 5; and the groups [R^-Cp] (Cp represents T,-cyclopenta- 
dienyl) may be the same or different); . . . „ 

(5) the photocurable composition according to any one of the embodiments (1) to (4), wherein in the metallocene 
compound (B) comprising a transition metal of Group VIII of the periodic table and aromatic electron system ligands, 
the transition metal of Group VIII of the periodic table comprises iron, osmium, ruthenium, cobalt, or nickel; and 

(6) the photocurable composition according to the ennbodiment (5), wherein in the metallocene compound (B) 
comprising a transition metal of Group VIII of the penodic table and aromatic electron system ligands, the transition 
metal of Group VIII of the periodic table comprises iron, osmium, or ruthenium. 

[0020] The photocurable composition of the present invention can be rapidly cured by light irradiation even when 
the gap between a pair of adherends is wide, when the composition applied has overflown from the bonding part, or 
when the composition applied is not sandwiched between a pair of adherends as in coating. Since the curing reaction 
proceeds by anionic polymerization, not only the composition does not suffer the surface curing inhibition by oxygen 
which is observed in radical polymerizatton, but also even that part of the composition to which light cannot reach due 
to the shape of the substrate cures by the anionic polymerization initiated by light irradiation. Further, since the metal- 
locene compound has a light absorption wavelength region extending beyond 500 nm to the longer-wavelength side, 
the composition can be cured with a light in a wider wavelength region, i.e., even with ultraviolet and/or visible light. 

DETAILED DESCRIPTION OF THE INVENTION 
[0021] This invention is explained below in detail. 
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1. a-Cyanoacrylate (A): 

[0022] Although the a-cyanoacrylate (A) contained as an essential conaponent In the composllion of the present 
Invention is not particularly limited, it is represented by general formula (II). 

H2C=C(CN)-COOR (") 

(In the formula R Is an ester residue such as, e.g., an alkyi, cycloalkyi, alkenyl, cycloalkenyl, alkynyl, or aryl group^ 
Although the ester residue Is not particularly limited in the number of its carton atoms, it generally has from 1 to 8 
carbon atoms. The ester residue may be a substituted hydrocarbon group such as an alkoxyalkyi or tnalkylsilylalkyi 

[M231^ Examples of the cyanoacrylate include alky! and cycloalkyi a-cyanoacrylates such as methyl o-cyanoacrylate, 
ethyl a-cyanoacrylate, propyl a-cyanoacrylate, butyl a-cyanoacrylate, and cyclohexyl a-cyanoacrylate; alkenyl and 
cycloalkenyl a-cyanoacrylates such as ally! a-cyanoacrylate, methallyl a-cyanoacrylate, and cyclohexenyl a-cyanoacr- 
vlate alkynyl a-cyanoacrylates such as propargyl a-cyanoacrylate; aryl a^anoacrylates such as phenyl a-cyanoacr- 
ylate' and tolyl a-cyanoacrylale; heteroatom-containing aK;yanoacrylates such as methoxyethyl a-cyanoactylate, 
ethoxyethyl a-cyanoacrylate, and furfuryl a-cyanoacrylate; and silicon-containing a-cyanoacrylates such as tnmethyl- 
silylmethyl a-cyanoacrylate, trimethylsilylethyl a-cyanoacrylate, trimethylsilylpropyl a-cyanoacrylate, and dimethylvi- 
nylsilylmothyl a-cyanoacrylate. 

2. Metallocene compound (B) comprising transition metal of Group VIII of the periodic table and aromatic electron 
system ligands: 

[00241 The metallocene compound (B) comprising a transition metal of Group VIII of the periodic table and aromatic 
electron system ligands, which is another essential component of the composition of the present invention, is not 
partcularly limited in its aromatic electron system ligands. Desirable examples of the ligands include K-arenes, indenyl, 
and Ti-cyclopentadienyl. Preferred of these is n-cyclopentadienyl. 

[0025] Examples of substituents whch may be bonded to each ligand include halogen atoms, hydrocarbon groups 
having 1 to 20 carbon atoms, halogenated hydrocarbon groups having 1 to 20 carbon atoms, and silicon atom-con- 
taining oxygen atom-containing, sulfur atom-containing, and phosphorus atom-containing groups having 1 to 20 car- 
bon atoms. Each ligand may have the same or different substituents, and the substituents may be crosslinked to each 

[0026] Preferred examples of the metallocene compound comprising a transition metal of Group VIII of the periods 
table and aromatic electron system ligands are represented by the following structural fomiula (I): 




(I) 

M 



(In the formula M represents a transition metal of Group VIII of the periodte table. R represents a halogen atom, a 
hydrocarbon group having 1 to 20 carbon atoms, a halogenated hydrocarbon group having 1 to 20 carbon atoms, or 
a silicon atom-containing, oxygen atom-containing, sulfur atom-containing, orphosphoms atom-containing group hav- 
ing 1 to 20 carbon atoms, provided that the R's may be the same or different and may be crosslinked to each other. 
Symbol a represents an integer of from 0 to 5.) 

[0027] In fonnula (1 ). the groups [R^-Cp] (Cp represents ri-cyclopentadlenyl) may be the same or different. 
[0028] Speclffc examples of the metallocene compound comprising a transition metal of Group Vlll of the periodic 
table and aromatic electron system ligands include fenwiene, in which the transition metal is iron, osmocene. in which 
the transition metal is osmium, ruthenocene in which the transition metal is ruthenium, cobaltocene. in which the tran- 
sition metal is cobalt, and ntekelocene. in which the transition metal Is nickel. Among these, ferrocene, osmosene and 
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ruthenocene, and derivatives thereof are preferred. u . . . ^ -.k ,i i 

r00291 Examples of ferrocene compounds In which the aromatic electron system llgands are substituted with at least 
one substituenl arc shown below and in Examples. In the present Invention, metallocene compounds having the s ruc- 
tures fomied by replacing the iron in these ferrocene compounds with another transition metal of Group VII of the 
periodic table e.g., osmium, ruthenium, cobalt or nickel can also be used. The more substituents the metallocene 
compounds for use in the present invention have, the better photocurability they tend to have. 

(i) Examples of compounds having one or more halogen atom substituents Include 4-acetyl-1'-bromo-1 2-diethyl- 
(errocene V-bromo-1 ,2.3-triethylferrocene. 1-acetyl-1'-bromo-2.3-diethylferrocene, 1 ,r-dibmmo-3-(dibronnobor- 

. yh-fcrrocene l,V-dibromo-3,3'-bls(dibromoboryl)fcrroccne, l-bromo-V-mothylfDrroccno, 1-bromo-1 -(meth- 

oxymelhyD-ferrocene, 1 -bromo-1 ■-(4-methylbenzoyl)ferrocene, 1-iodo-1'-(phenylethyl)ferrocene, 1-iodo-1 - 
(4-methoxyphenyl)ferrocene, 1 -(4-chlorophenyl)-1 '-iodoferrocene, 1 -iodo-1 '-phenylf errocene, J ;3-dich^ro- 
2 4 5-tris(methylthio)-ferrocene, 1 ,2.4-trichloro-3,5-bis(methylthio)ferrocene, 1 ,2,3,4-tetrachloro-5-(methyrthio) 
ferrocene 1-lodo-1'-(3-methoxy-3-oxo-1-propyl)ferrocene, 1 ,1'-dibromoferrocenium, 2-acetyl-1'-bromo-1,3-di- 

5 ethvlferrocene V*romo-1 ,2,4-triethylferrocene, 1-acetyl-1'-bromo-2,4-diethylferrocene, r-bromo-1 ,3-diethylfer- 

rocene V-bromo-l 2-diGthylferrocene, 1 -acetyl-1 '-bromo-S-othylferroceno, 1-acetyl-r-bromo-2-ethylferrocene, 
1 r-dichloroferrocenium, decachloroferrocenium, 1 -{3-hydroxy-3-methyl-1 -butynyl)-r-iodofenrocene. 1-chloro-1 - 
ethvnvlferrocene 1 -bromo-1 '-ethynylferrocene, (acetylcyclopentadienyl)(bromocyclopentadienyl)iron, (bromocy- 
clopentadienyl)(jodocyclopentadienyl)iron, l-bromo-V-phenylferrocene, 1-bromo-r-(triphenylmethyl)ferrocene, 

0 1 -bromo-1 •-((1-oxooctadecyl)oxy)ferrocene, 1 -iodo-1 •-((1-oxooctadecyl)oxy)ferrocene, 1 -bromo-1 -cupnofer- 

rocene 1 -bromo-1 '-pentytferrocene, 1 -bromo-1 ■-(2-methylpropyl)fen'ocene, 1 -chloro-1 •-(3-oxo-3-phenyl-1 -prope- 
nvDferrocene 1 -bromo-1 '-formylferrocene, 1 -chloro-1 Momiylferrocene, 1 -bromo-1 •-(3-oxo-3-phenyl-1 -propenyl)- 
ferrocenc i -bromo-1 ■-(2-mcthyl-1 ,3-dioxolan-2-yl)ferrocene, 1 -bromo-1 ■-((4-methylphenyl)methyl)ferrocene. 

1 -bromo-i ■-((3-methylphenyl)methyl)ferrocene, 1 -bromo-1 •-((2-methylphenyl)-methyl)ferrocene, 1 "(d'Pheny - 
5 phosphino)-V-iodoferrocene, l.((3-fomiylphenyl)ethynyl)-V-iodofen-ocene, 1 -((2-fomrvlphenyl)ethynyl)-1 -iodof- 
errocene 1 r-dichloro-2-(trichlorosilyl)ferrocene, (V,2-dichloroferrocenyl)llthium, 1 -chloro-V-phenylferrocene. 1- 
((4-fomiyiphenyl)ethynyl)-V-iodoferrocene,1-(capryoethynyl)-r -iodoferrocene, decabromoferrocene, omiylnon- 
aiodoferrocene. ethylnonaiodoferrocene, nonaiodomethylferrocene, nonabromofomiylfen^ocene, acetylnonaiodo- 
ferrocene, 1 -(ethoxycarbonyl)-l --iodofenrocene, 1 -bromo-1 '-(ethoxycarbonyOferrocene. 1 -chloro-1 -(ethoxycarbo- 

•0 nyl)ferrocene, decaiodoferrocene, 1 -benzoyl-1 '-bromoferrocene, 1 -benzoyl-V-chloroferrocene, 1 ,1 ,2,2 .3,3 .4.4 - 

octachloro-5,5'-diiodoferrocene, 1 -iodo-1 '-methylferrocene, and decachloroferrocene. 

(ID Examples of compounds having one or more hydrocarbon group substituents having 1 to 20 carbon atoms 
include 1 r-dimethylferrocene. 1,1'-dl-n-butylferrocene, bls(pentamethylcyclopentadlenyl)iron, 1 ,1 -diethytfer- 
rocene 1 V-dipropylferrocene, 1 ,1'-di-n-pentylferrocene, 1,r-di-n-hexylferrocene, 1,1',2-trimethylferrocene, 1.1 . 
J5 2-triethylferrocene, 1 ,1'.2-tripropylferrocene, 1 ,r,2-tri-n-butylferrocene, 1 ,1',2-tri-n-pentylferrocene 1 ,1 2-tn-n- 

hexylferrocene, 1,r.3-trimethylferrocene, 1,r,3-triethylferrocene, 1,1'.3-tripropylferrocene, 1 ,1 ,3-tri-n-butylfe - 
rocene 1 r3-tri-n-pentylferrocene, 1,1',3-tri-n-hexylferrocene. 1 ,r,2,2'-tetramethytferrocene, 1.r,2,2--tetraethyl- 
ferrocene 1,r.2,2'-tetrapropylferrocene. 1,r,2,2"-tetra-n-butylferrocene, 1,1'.2,2"-tetra-n-pentylferrocene, 11, 

2 2"-tetra-n-hexytferrocene, 1,r,2,3'-tetramethylferrocene, 1,1',2,3'-tetraethylferrocene. 1,r.2.3-tetrapropytfer- 
40 rdcene 1 ,1 ■,2,3'-tetra-n-butylferrocene. 1 ,1 ',2,3'-tetra-n-pentylferrocene, 1 ,1 ',2.3'-tetra-n-hexy1ferrocene 1,1 .3,3 - 

tetramethylferroce^e,1,1^3,3^tetraethylferrocene,1,1^3,3^tetrapropylfer^ocene,1,1^3,3^tetra-n-butyl^^^^^^ 

1 rsS'-tetra-n-pentylferrocene, 1,r.3,3"-tetra-n-hexylferrocene, 1.1-,2,3-tetramethylferrocene, 1,1 .2,3-tetrae- 
thvlferrocene 1 ,V,2,3-tetrapropylferrocene, 1 ,1',2,3-tetra-n-butylferrDcene, 1 ,1 ■,2,3-tetra-n-pentylferrocene. 11 , 

2 3-tetra-n-hexylferrocene, 1 ,r,2,4-tetramethylferrocene, 1.r,2,4-tetraethylferrocene, 1,V,2,4-tetrapropytfer- 
45 r^ne 1 r,2,4-tetra-n-butylferrocene, 1,V,2.4-tetra-n-pentylferrocene, 1 ,r,2,4-tetra-n-hexylferrocene, 1,1 .2.2. 

3-pentamkthylferrocene, 1.V.2.2'.3-pentaethylferrocene. 1.r,2.2',3-pentapropylferrocene, 1,1',2,2 3-penta-n- 
butytferrocene 1 ,1 ■,2,2'.3-penta-n-pentylferrocene, 1 ,1 •,2,2',3-penta-n-hexylferrocene. 1 .1 '.2.2 .4-pentamethytfer- 
rocene 1 1 ■ 2 2' 4-pentaethyl(errocene, 1 ,V.2,2',4-pentapropylferT0cene, 1,1',2,2'.4-penta-n-butylferrocene. 1,1 . 
2 2' 4-penta-n-pentylferrocene, 1 ,1 ■,2,2',4-penta-n-hexylferrocene, 1 ,1 ■,2,3,3'-pentamethylferrocene, 1 ,1 ',2,3,3 - 

50 penlaethylferocene, 1 ,1 ■.2,3.3'-pentapropylferrocene. 1 ,r.2.3.3'-penta-n-butylferrocene 11 \2,3,3 -penta-n- 

pentylferrocene 1 ,r,2,3,3'-penta-n-hexylferrocene. 1.V.2,3".4-pentamethylferrocene. 1.1 ,2.3 ,4-pentaethylfer- 
rocene 1 r 2 3' 4-pentapropylferrocene, 1.r,2,3',4-penta-n-butylferrocene, 1,r,2,3\4-penta-n-pentylferrocene, 
1 r 2 3' 4-penta-n-hexylferrocene. 1 .1 •,2.3.4-pentamethylferrocene, 1 ,r,2,3,4-pentaethylferrocene 1 ,1 , 
23 '4-pentapropylferrocene. 1 ,r,2.3.4-penta-n-butylferrocene, 1 ,r,2,3,4-penta-n-pentylferrocene, 1 ,1 2,3,4-pen- 

55 ta-n-hexylferrocene, 1 ,1 •,2,3.4,5-hexamethylferrocene, 1 .1 •,2,3,4,5-hexaethylferrocene. 1 ,1 ■,2,3,4,5-hexapropyl- 

ferrocene 1 1 ' 2 3 4,5-hexa-n-butylferrocene, 1 ,r,2,3,4,5-hexa-n-pentylferrocene, 1 ,1',2.3,4,5-hexa-n-hexylfer- 
rocene 1 V 2 2' 3,4-hexamethylferrocene, 1 ,r,2,2',3,4-hexaethylferrocene, 1 ,r,2,2',3,4-hexapropylferrocene, 
1 r2 2'3 4-hexa-n-butylferrocene. 1,V,2.2',3.4-hexa-n-pentylferrocene, 1,r.2,2'.3,4-hexa-n-hexylferrocene, 



5 



EP 1 124 159 A1 



1,r,2,3,3'.4-hexamethylferrocene, 1 ,1-,2,3,3-,4-hexaethylferrocene, i,r,2,3,3-.4-hexapropytferrocene 1,1 2,3,3, 
4-hexa-n*utylferrocene.1,1\2,3,3\4-hexa-n-pentylferrocene, 1,1^2,3,3^4-hexa^-hexyl(erro^^^ 
hexamelhylferrocene, 1,r,2,2',3,3'-hexaethylferroccno, 1.1^2.2^3.3^hexapropylforroceno. 1 2^2^3^3^hox^^^ 
butylferrocene, 1 ,r,2,2\3,3'-hexa-n-pentylferrocene. 1 ,V,2,2'.3,3"-hexa-n-hexylferrocene, ,1 ,2,2 .3 .4-hexame- 
thyLrocene, 1,r,2,2^3^4-hexaethylferrocene, 1,1V2,2\3\4-hexapropylferrocene, 1,r^ 
rocene 1 V 2 2' 3',4-hexa-n-pentylferrocene, 1 ,r,2,2',3',4-hexa-n-hexylferrocene, 1,r,2,2\4,4'-hexamethylfer- 
rocene 1 r 2 2' 4 4--hexaethylferrocene, 1,r,2,2',4,4'-hexapropylferrocene, l,V,2,2',4,4'-hexa-n-butylferTOcene, 
V2 2'4 4-'-hexa-n-pentylferrocene, 1 ,r.2,2-,4,4--hexa-n-hexylferrocene, 1,r,2.2',3,4,5-heptamethyl ferrocene, 
1V 2 2' 3 4 5-heptaelhylferrocene, 1 ,1',2,2',3,4,5-hoptapropylferroccne, 1 ,1',2,2-,3,4,5-hcpta-n-butylferroccnc, 
l'r22-345-hepta-n-pentylferrocone, 1 ,V,2,2',3,4,5-hepta-n-hexylfcrrocene, 1 ,V.2,3,3',4,5-heptamcthylfer- 
rocene 'l V 2 3 3' 4 5-heptaethylferrocene, 1 ,1 ■,2,3,3',4,5-heptapropylferrocene, 1 ,r,2,3,3',4,5-hepta-n-butylfer- 
rocene' iV 2 3 3' 4 5-hepta-n-pentylferrocene, 1 ,r,2,3,3",4,5-hepta-n-hexylferrocene, 1 ,1',2,2',3,3',4-heptameth- 
ylferrocene,' 1,r,2.2',3,3',4-heptaethylferrocene, 1 ,r,2,2',3,3',4-heptapropylferrocene, 1.1'.2.2',3,3\4-h^ta-ri- 
butylferrocene, 1 ,1 •.2,2',3,3',4-hepta-n-pentylferrocene, 1 ,1 ■,2,2',3,3',4-hepta-n-hexylferrocene, ■ _.2,3,3 ,4,4 - 
heptamethylferrocerte, 1 ,V,2,3,3',4.4'-heptaethytferrocene. 1,r,2,3,3'.4,4--heptapropylferrocene, 1,1 .2.3,3,4,4- 
hepta-n-butylferroccne, 1 ,r,2,3,3',4,4'-hepta-n-per,tylferrocene, 1 ,r,2.3,3-.4,4'-hepta-n-hexyl(errocene, ,1 ,2,2 , 
3 3' 4 5-octomethylferrocene, 1 ,r,2,2-,3,3",4,5-octoethytferrocene, 1 ,1',2.2',3,3',4,5-octopropylferrocene, 1.1 .2,2 , 
3 3''4'5-octo-n-butylferrocene, 1 ,r.2,2',3,3-,4,5-octo-n-pentylferrocene, 1 ,r,2,2',3,3',4,5-octo-n-hexytferrocene, 
I'v 22' 34 4' 5-octomethytferrocene, 1,r.2,2",3,4,4',5-octoethylferrocene, 1.r,2.2'.3,4,4',5-octopropylferrocene, 
1 'r 2 2' 3 4 4' 5-octo-n-butylferrocene, 1 ,r.2,2',3,4,4',5-octo-n-pentylferrocene, 1 ,r,2,2',3,4.4',5-octo-n-hexylter- 
rocene Vv 2 2' 3 3' 4,4',5-nonamethylferrocene, 1 ,r,2,2',3,3',4,4'.5-nonaethylferrocene, 1 ,r,2,2 .3,3 .4.4 .p-oc- 
topropylfe'rrocene,1.1^2,2^3,3^4,4^5-octo-n-butylferroce^e,1,1^2,2^3,3^4,4^5-octo-n-pentylterrocene^^1^ ,22, 

3 3- 4 4' 5-octo-n-hexylferrocenD. bis(pentaethylcyclopentadienyl)iron, bis(pentapropylcyclopenladienyl)iron, bis 
(penta-n-butylcycloperitadier,yl)iron,bis(pente-n-pentylcyclopentadier,yl)iron.bis(per,ta-n-hexylcyclopentad^^ 
iron 1 r-dimethyl-2-ethytferrocene, 1 .r-dimethyl-3-ethylferrocene, 1,r-di-n-butyl-3-methylferrocene 1.1-d,-n- 
butyl-3-ethylferrocene, 1.r-dimethyl-3.3'-diethylferrocene, 1,r2-trimethyl-3-ethylferrocene, 1,1 -ditnphenylmeth- 
ylferrocene.l-methyl-l'-triphenylmethylferrocene.andl-n-butyl-r-triphenylmethylfen-ocene. 

(iii) Examples of compounds having one or more halogenated hydrocarbon group substituents having 1 to 20 
carbon atoms include 1-methyl-1'-(chloromethyl)ferrocene, 1-chloro-r-{chloromethyl)ferroce^^^^^ 
momethyDferrocene, l-methyl-r-(iodomethyl)ferrocene, 1 ,r-di(chloromethyl)ferrocene, 1,1 .2-tn(chloromethyl) 
ferrocene 1 V 2 2'-tetra(chloromethyl)ferrocene, bls(pentachloromethylcyclopentadienyl)iron, bis(pentabro- 
momethy^clVentadienyDiron. 1-methyl-V-(trichloromethyl)ferrocene. ^'^^^f ^'f ^^^'f^r'^'T^^^^^ 
1-methyl-r (tribromomethyl)ferrocene. l-methyl-V-driiodomethyOferrocene. l-^^^^^^-^'^f^^J J^^, ^ " 
rocene 1-bromo-r-(trichloromethyl)ferrocene, 1-bromo-r-(tribromomethyl)fem)cene, 1,1 -di(trichloromethyl fe - 
rocene' 1.r-di(tribromomethyl)ferrocene. 1 ,1'-di(trichloromethyl)-2-chloroferrocene. 1-acetyl-1 -(Inch oromethy 
ferrocene 1 r-dlacetyl-2-(trichloromethyl)ferrocene, 1 ,r-diacetyl-3-(trichloromethyl)ferrocene, 1-formyl-1 -(( 
(chloromethyl)oxy)methyl)ferrocene, l-acetyl-r-{({chloromethyl)oxy)methyl)ferrocene. 1 -fomiyl-1 '-(((tnchlorome- 
thyl)oxy)methyl)ferrocene.and1-acetyl-1"-(((trichloromethyl)oxy)methyl)ferTOcene. ^ . o«.orK«n 

(iv) Examples of compounds having one or more silicon atom-containing group substituente haying 1 to 20 carbon 
atoms include 1-fom^l-r-(((trimethylsi^l)oxy)methyl)ferrocene, 1-«(6-(((1.1-dimethylethyJd.^^^^^^^ 
hexyl)oxy)methyl)-1 "-formylferrocene. 1 -acetyl-1 '-(((trimethylsilyDoxyjmethyDferrocene, 1 -(((6-(((1 .1 -dime hyle- 
thyl)dimethylsilyl)oxy)hexyl)oxy)methyl)-V-acetylferrocene, 1 ,1^di(((trimethylsiVI)oxy)methyl)ferrocene 1^1 ^^^^^^ 
(6((11-dimethylethyl)dimethylsilyl)oxy)hexyl)oxy)methyl)ferrocene, 1 .1^dl(((tnmethyls.lyl)oxy)rne hyl)-2^^^ 
ferrocene 1 l^di(((6-(((1,1-dimethylethyl)dimethylsilyl)oxy)hexyl)oxy)methyl)-2-acetylfen-ocene, 1, -di( (tnnneth- 
ylsilyl)oxy)methyl)-2-fomiylferrocene. i.r-di(((6-(((1,1-dimethylethyl)dimethylsllyl)oxy)hexyl)oxy me hyl)- 
LfoJ.y7errocene,1-methyM^(((trimethylsilyl)oxy)methyl)ferrocene.1-(((6 

hexvl)oxy)methyl)-r-methylferrocene, l-ethyl-1'-(((trimethylsilyl)oxy)methyl)ferrocene. 1-(((6-(((1 1-dimethyle- 
thyl)dimethylsilyl)oxy)hexyl)oxy)methyl)-r-ethylferrocene, 1 ,r-di(((trimethylsilyl)oxy)methyl)-^-rnethylferrocene, 
1 1"-dl(((6-(((1 ,1 ,-dlmethylethyl)dimethylsilyl)oxy)hexyl)oxy)methyl)-2-methylferrocene, 1 -methyl-1 -{tnmethylsilyl- 
methymerrocene, 1-methyl-r-(trimethylsilylethyl)fenrocene, 1 -methyl-1 '-(trimethylsilylpropyDferrocene 1 ,1 -di(tn- 
methylsilylmethyl)ferrocene, 1 .r-di(trimethylsilylethyl)fem)cene. 1 ,V-di(dimethylsilylmethyl)ferrocene, 1 -ac^^^ 
(trimethylsilylmethyDferrocene. 1.r-diacetyl-2-(trimethylsilylmethyl)fen-ocene. and 1 .r-dlacetyl-3-(trlmethylsllyl- 
SISmple^of compounds having one or more oxygen atom-containing group substituents having 1 to 20 carbon 
atoms include l.r-dl(acetylcyclopentadlenyl)iron. I.r-dibenzoylfen-ocene, 1.1^bis(1-oxotetradeqJ)ferrocene 1- 
(3-ethoxy-1-methyl-3-oxo-1-p^openyl)-1•-(1-oxo-3-phenyl-2-propenyl)ferrocene. 1-benzoyl-1 -(3-ethoxy-1-methyl- 
3-0X0-1 -propenyDferrocene, 1 -(3-ethoxy-1 -methyl-3-oxo-1 -propenyl)1 •-(phenylacetyl)ferrocene, 1,1 -bis(2-furan- 
ylcarbonyl)ferrocene, 1 .1 •-bis(3-methylbenzoyl)ferrocene. 1 -(1 ,3-dioxopentyl)-1 '-methylferrocene, (neopentylcy- 
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clopentaciienyl)(propionylcyclopentadienyl)iron, (pivaloylcyclopentadienyl)(propylcyclopentad.enyl)iron. 1-(9-car- 
boxy-1-oxononyl)-1\3-dimethylferroceneJ-(9-carboxy-1-oxononyl)-1\2-dimethylferroceneJ-(10-ethoxy-1^^^^^^ 
oxodocyD-V 3 dimelhylforroceno, l-(10-elhoxy-1,10-dioxodccyl)-r,2-dimethylferrocene, 1-(6-mGthoxy-1 6-d,ox- 
ohexyl)-r-(1-oxooctadecyl)ferrocene, 1 ,1'-bis(1-oxononyl)ferrocene, 1-(1-methyl-3-oxo-1-butenyl)-1 -(pheny- 

5 lacetyDferrocene, 1 -(3-carboxy-1 -oxopropyl)-1 '-(1 -oxoundecyl)ferrocene, 1 -(3-cart)oxy-1 -oxopropyl)-1 -oxono- 

nynferrocene, l-(4-ethoxy-1,4-dioxobutyl)-r-(1-oxoundecyl)ferrocene, 1-(4-ethoxy-1 ,4-dioxobutyl)-1 -(1-oxono- 
nvDferrocene 1 ,1 ■-bis(6-carboxy-1 -oxohexyl)ferrocene, 1 -(5-carboxy-1 -oxopentenyl)-1 '-(3-cartDoxy-1 -oxopropyl) 
ferrocene 1 V-bis(7-methoxy-1 .7-dioxoheptyl)ferrocene. 1 -(4-methoxy-1 ,4-dioxobutyl)-1'-(6-methoxy-1 ,6-dioxo- 
hexvDfcrroccnc bis(o-carboxybonzoylcyclopenladiGnyl)iron, (cinnamoylcyclopcnladicnyl)(neopenlylcyclopenta- 

10 dienvfliron 1 V-bis(3,5,5-trimethyl-1-oxohexyl)fcrroceno, 1 ,V-bis(1-oxohGxadGcyl)fcrrocenc, (ncopontylcy- 

clopenladienyl)(3,5.5-trimethylhexanoylcyclopentadienyl)iron, (neopentylcyclopentadienyl)(pivaloylcyclopentadi- 
enyhiron ({4-carboxybutyryl)cyclopentadienyl)((3-cafboxypropynoyl)cyclopentadienyl)iron, 1,r-bis{4-cart30xy- 

1- oxobutyl)ferrocene, (isobutylcyclopentadienyl)(pivaloyIcyclopentadienyl)iron, (isobulyrylcyclopentadienyl)(neo- 
pentylcyclopentadienyDiron, 1-(5-carboxypentyl)-r-(1-oxooctadecyl)ferrocer,G, 1-(5-carboxy-1-oxopentyl)-1 -oc- 

15 iadecylferrocene, 1-(5-carboxy-1-oxopentyl)-1'-(1-oxooctadecyl)ferrocene, ((3-carboxyprop,onyl)cyclopenlad,- 

envl)((3-carboxypropyl)cyclopentadienyl)iron, (bGn/ylcyclopentadienyl)(pivaloylcyclopentadienyl).ron 1-(9-car- 
boxv 1 -oxononylH • 2 2-.3,3',4,4',5-octamethylferrocene, 1 (1 0-ethoxy-1 ,10-dioxodecyl)-1 ■.2,2'.3,3-,4,4 .S-octarn- 
ethvlferrocene, (neopentylcyclopentadienyl)(phenylacetylcyclopentadienyl)iron, (phenethylcyclopentadienyl) 
(pivaloylcyclopentadienyl)iron, 1.V-bis(5-methoxy-1,5-dioxopentyl)ferrocene, 1-benzoyl-r-(1-oxohexadecyl)fer- 

20 ocene 1 -acetyir-(1 -oxohexadecyl)ferrocene, 1,V-bis(1-oxooctadecyl)ferrocene, 1-acetyl-1 -(1-cyclohexen- 

1 -ylacetyOferrocene, 1 -acetyl-1 '-(1 -cycloocten-1 .ylacetyl)ferrocene. 1 -formyM ■,2.2",3,3'.4,4 ,5-octamethyl-5 - 
(2 4 6-trirnethylber,zoyl)ferrocene,1-berlzoyl-1•4orT^^yl-2,2^3,3^4,4^5.5'-octarT,ethylferroc^ benzoylnonameth- 
ylferrocene 1 -(3,3-dimethyl-1 -oxobutyl)-1 -oxobutyl)-1 '-(1 -oxo-4-phGnylbutyl)fGrrocenG, 1 -(1 -oxo-5-(4-(1 -oxo- 
3-phenyl-2-propyny l)phenyl)pentyl)-1 '-(I .oxo-3-phenyl-2-propynyl)ferrocene, 1 -(1 -oxo-4-(4-(1 -oxo-3-pheny - 

2- propynyl)phenyl)butyl)-l'-(1-oxo-3-phenyl-2-propynyl)ferrocene. 1-(1-oxo-3-phenyl-2-propynyl)phenyl propyl)- 

1 '-(I -oxo-3-phenyl-2-propynyl)ferrocene, 1 -(1 -oxo-3-(4-(1 -oxo-3-phenyl-2-propenyl)phenyl)propyl)- -(1 -oxo- 

3- phenyl-2-propynyl)ferrocene. 1 -(1 -oxo-3-pher,ylpropyl)-1 •-(l-oxo-3-phenyl-2-propynyl)ferrocene, 1 -(pheny- 
lacetyl) I'd oxo-3-phenyl-2-propynyl)ferrocene, 1-(1-oxo-5-phenylpentyl)1' -(1-oxo-3-phenyl-2-propenyl)fer- 
rocene 1 (1 -oxo-4-phenylbutyl)-1 '-(1 -oxo-3-phenyl-2-propenyl)ferrocene, 1-(1 -oxo-3-phenyl-2-propeny )-2-pro- 

30 penyl)-1 '-(1 -oxo-3-phenylpropyl)f errocene. 1 -benzoyl- 1 '-f ormylferrocene, 1 -benzoyl-1 '-(S-oxo-S-phenyM -prope- 

nvDf errocene 1 ,1 '-bisCI -oxo-2-pentenyl)ferrocene, 1 -benzoyl-1 '-(1 -hydroxy-3-(1 -hydroxycyclohexyl)-1 -phenyl- 

2 propynyDferocene. 1 ,r-bis(3-carboxy-1-oxopropyl)f errocene, 1 .V-bis(4-methoxy-1 .4-dioxobutyl)ferrocene, 
1-acetyl-1'-{1 3-dioxobutyl)-3,3'-dimethylf errocene, 1,1 •-bls(1-oxopentyl)ferrocene. ((3<art)oxyprop,onyl)ethylcy- 
clopentadlenyl)(ethylcyclopentadienyl)iron, 1 .1 ■-bis(4-(2-methylbutyl)benzoyl)fenrocene, 1 ,1 '-blsCI -oxoundecy ) 

35 ^eLene, H4-hyd^oxyphenyl)-r-(1-oxo-3-phenyl-2-propenyl)ferrocene, '--^^^-''f<^-'^f'°;^^^^ 

1 -oxo-2-propenyl)ferrocene, 1 -acetyl-1 •-(3-(4-methylphenyl)-1 -oxo-2-propenyl)ferrocene, 1 -acetyl-1 -(3-_(4-"neth- 
oxyphenyl)-1-oxo-2-propenyl)ferrocene, l-(3-methyl-1-oxo-2-butenyl)-1'-(phenylacetyl)fen-ocene, 1-(44-d,nie- 
thvl1-oxo-2-pentenyl)-1Xphenylacetyl)ferrocene,1-acetyl-1^(4.4-diniethyl-1-oxo-2-pentenyl)ferrocene 1-acetyl- 

1 •-(3-methyl-1 -oxo-2-butenyl)ferrocene, 1 -acetyl-1 '-(1 -oxo-2-butenyl)ferrocene, 1 -acetyM •-(2-methyl- -oxo- 

40 2-propenyl)ferrocene. l-(3.3-dimethyl-1-oxobutyl)-r-(1-oxo-3-phenyl-2-propenyl)ferrocene, 1-(3-methyl-1-ox- 
obutyn-1 '-(1 -oxo-3-phenyl-2-propenyl)ferrocene, 1 -(1 -oxobutyl)-1 '-(1 -oxo-3-phenyl-2-propenyl) errocene 1 ,1 -b s 
((4-methylphenyl)acetyl)ferrocene.1,1'-bls(3-(4-niethylphenyl)-1-oxo-2-propenyl)ferrocene.1.1^ 
1-oxo-2-propenyl)ferrocene, 1 ,1'-bis(hydroxyacetyl)f errocene. 1-(6-(4-methoxyphenyl)-6-oxohexyl)-1 ,3-b« 
(1 -oxo-3-phenyl-2-propenyl)ferrocene, 1 -(1 0-(4-methoxyphenyl)-1 0-oxodecyl)-1 •,2-bis(1 -oxo-3-phenyl-2-prope- 

45 nyl)ferrocene, 1-(5-(4-rnethoxyphenyl)-5-oxopentyl)-1\3-bis(1-oxo-3-phenyl-2-propenyl)ferrocene,1-(9-(4-m^^^^^^ 

oxyphenyl)-9-oxononyl)-r,2-bls(1-oxo-3-phenyl-2-propenyl)ferrocene, 1 -(8-(4-rnethoxyphenyl)-8-oxoc>ctyO-1 - 
(1 -oxo-3-phenyl-2-propenyl)ferrocene, 1 ,1 '-bistl O-ethoxy-1 ,1 0-dioxodecyl)ferrocene, 1 ,1 --blsO-ethoxy-l ,9-diox- 
ononvDferrocene, 1,r-bis(8-ethoxy-1 ,8-dioxooctyl)ferrocene, 1,1'-bis(7-ethoxy-1,7-dloxoheptyl)ferrocene, 1,1 - 
bls(5-ethoxy-1 ,5-dioxopentyl)ferrocene, 1(1.1 0-dioxo-1 0-phenyldecyl)-1 '-(1 -oxo-3-phenyl-2-propenyl)ferrocene, 

50 1 -(1 9-dloxo-9-phenylnonyl)-r-(1 -oxo-3-phenyl-2-propenyl)ferrocene, 1 -(1 ,8-dloxo-8-phenyloctyl)-1 -(1 -oxo- 

3-phenyl-2-propenyl)ferrocene, l-(l,7-dloxo-7-phenylheptyl)-1M1-oxo-3-phenyl-2-propenyl)ferrocene. 1-methyl- 
r-(4-methylbenzoyl)ferrocene,1-(2-methoxy-2-oxoethyl)-r-(4-nnethylbenzoyl)ferrocene.1 -benzoyl-1 .3-bis(phe- 
nylmethyDferrocene, 1 -benzoyl-r,2-bis(phenylmethyl)ferrocene, 1 -benzoyl-1 '-{1 -hydroxy-1 -phenylethyl)fer- 
rocene 1 r-bls(1 V-biphenyl-4-ylcarbonyl)ferrocene, 1 -benzoyl-1 '-(l-methylcyclopropyOferrocene, 1,1 -bis 

55 (3.carboxy-1-oxo-2-propenyl)-2-methylferrocene, 1.methyl-r,2-bis(1-oxo-3-phenyl-2-propenyl)ferrocene, 1- 

6-methoxy-1 ,6-dloxohexyl)-1 •.((2-oxocyclopentyl)cartonyl)ferrocene, 1 ,r-bis(6-ethoxy-1 ,6-d.oxohexy er- 
rocene 1 -(6-ethoxy-1 ,6-dloxohexyl)-2-((2-oxocyclopentyl)carbonyl)ferTocene, 1 ,1 ■-bls(4-methoxybenzoyl)fer- 
rocene' 1 r-bis(1-oxooctyl)f errocene, 1-carboxy-1'-(1,2-dioxopropyl)ferrocene, 1-(methoxycarbonyl)-V-(pheny- 
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lacetvDferrocene, 1-carboxy-V-(1-oxo-3-phenyl-2-propenyl)ferrocene, 1-carboxy-V-(oxophenylacetyl)ferrocene, 
1-(methoxycart)onyl)-r-(1-oxo-3-phenyl-2-propenyl)ferrocene, 1-(3-methylphenyl)-r-(1-oxo-3-phenyl-2-prope- 
nyl)forroceno, 1 -(4-methylph<Bnyl)-1 '-(1 -oxo-3-phGnyl-2-propenyl)ferrocenc. 1-(1-oxo-3-phenyl-2-propeny -1 - 
phenylterrocene, 1 -(3,5-dimethylphenyl)-1 '-(1 -oxo-3-phenyl-2-propenyl)ferrocene, 1 -(3.4-dimethylpheny )-1 - 
(1 -oxo-3-phenyl-2-propenyl)ferrocene, 1 -(4-methoxyphenyl)-1 '-(1 -oxo-3-phenyl-2-propenyl)ferrocene, 1 -(4- 
ethoxycartoonyl)phenyl-V-(1-oxo-3-phenyl-2-propenyl)ferrocene, 1-(3-ethylphenyl)-V-(1-oxo-3-phenyl)-2-prope- 
nyhferrocene, l-(4-ethylphenyl)-V-(1-oxo-3-phenyl-2-propenyl)ferrocene, 1-benzoyl-r-(methoxymethyl)fer- 
rocene 1 r-bis(3-ethoxy-1,3-dioxopropyl)ferrocene, 1-(3,3-dimethyl-1-oxobutyl)-V,3-dimethylferrocene. 1- 
(3 3-dimclhyl-1 -oxobutyl)-1 •,2-dimethylferrocene, 1 -acetyl-r-(2-mclhyl-1 -oxo-3-phenyl-2-propenyl)ferrocene 
1-acetvl-1'-(1-oxo-5-phenyl-2,4-pcntadienyl)ferrocone, 1 ,V-bis(oxophcnylacctyl)ferroccnc, 1 ,r-bis(phonylacetyl) 
ferrocene l-(3-acetylphenyl)-V-(1-oxo-3-phenyl-2-propenyl)ferrocene, l,r-bis(cyclohexylcarbonyl)ferrocene, 
1 1 --bisd -oxohexyDferrocene, 1 , 1 •-bis(3-methyl-1 -oxobutyl)f errocene, 1 -(1 .1 -dimethylethyl)-1 •-(2,2-dimethy - 

1 - oxopropyDferrocene. 1(1,1 -dimethylethyl)-1 •-(2-methyl-1 -oxopropyl)ferrocene, 1 -acetyl-1 '-(1 -oxo-3-phenyl- 

2- propynyl)ferrocene, 1 , 1 •-bis(2,2-dimethyl-1 -oxopropyDferrocene, 1 -acetyl-1 '-(1 -oxobutyl)-f errocene, 1 -acetyl-1 - 
(phenylacetyl)-2-(phenylrTiethyl)ferrocerie,1-benzoyl-r-(phenylacetyl)lerrocene,1-(1-oxobutyl)-1MP 
ferrocene 1-benzyl-r-(1-oxobutyl)fGrrocene, 1-(1-oxopropyl)-r-(phenylacctyl)fen-ocene, 1 -acetyl-1 -(pheny- 
lacetyllferrocene, l-benzoyl-V-(1 -oxopropyDferrocene. 1-acetyl-3-ethyl-1'-(phenylacetyl)ferrocene, ^-acet),\r^ - 
(phenylacetyl)-3-(phenylmethyl)ferrocene, 1 -(3-ethoxy-1 -methyl-3-oxo-1 -propenyl)-1 '-(1 -oxo-2-butenyl)fer- 
rocene, 1 -(3-ethoxy-1 -methyl-3-oxo-1 -propenyl)1 '-(1 -oxooctadecyl)f errocene, 1 -(3-ethoxy-1 -methyl-3-oxo-1 -pro- 
penyl)-r-(1-oxopropyl)ferrocene, 1-acetyl-r-(3-ethoxy-1-methyl-3-oxo-1-propenyl)ferrocene, 1 ,1 -bis(((5-( 
?4-rTiethoxyphenoxy)carbonyl)phenoxy)pentyl)oxy)carbonyl)ferrocene,1,1'-bis((3-(4-((4-rTietho^^ 
nyl)phenoxy)propoxy)carbonyl)ferrocene, 1 ,1 ■-bis((2-(4-((4-metfioxyphenoxy)carbonyl)phenoxy)ethoxy ca*^ 
ferracene. 1 ,V-bls((heptadecyloxy)carbonyl)ferrocene, 1 ,r-bis(((2,3,5,6,8,9,11 ,12-octaf,ydro^ 
pentaoxacyclopentadecyn-15-yl)oxy)carbonylferrocene, 1-carboxy-r-((phenylmethoxy)cart)onyl)ferrocen^ 1 ,1 - 
bis((4-((4-hexyloxy)phenoxy)carbonyl)phenoxy)carbonyl)ferrocene. 1.1^bls((4-((4-(pentyloxy)phenoxy)carbonyl 
phenoxy)carbonyl)ferrocene. 1 ,r-bls((4-((4-butoxyphenoxy)carbonyl)phenoxy)catbonyl)ferrocene, 1.1 -bis((4-( 
(4-ethoxyphenoxy)carbonyl)phenoxy)carbonyl)ferrocene, l,r-bls((4-((4-(pentyloxy)benzoyl)oxy)phenoxy)carbo- 
nyhferrocene, 1 ,V-bis(4-((4-(butoxybenzoyl)oxy)phenoxy)carbonyl)ferrocene. 1 .1 ■-bls((4-((4-propoxybenzoyl 
oxv)phenoxy)carbonyl)terrocene. 1 ,1'-bls((4-((4-ethoxybenzoyl)oxy)phenoxy)carbonyl)ferTocene, 11 -bis((4-{ 
(4-rnethoxybenzoyl)oxy)phenoxy)carbonyl)ferrocene, 1-(((1 ,1'-blphenyl)-4-yloxy)carbonyl)-r-hexylfen'0cene 
1-butyl-14(4-((4-(pentyloxy)benzoyl)oxy)pfienoxy)carbonyl)ferrocene,1-butyl-1'-((4-fiexyloxy)ph 

ferrocene, l-butyl-r-((4-heptylphenoxy)carbonyl)fen-ocene. 1.r-bls((4-fomnylphenoxy)carbonyl)ferrocene, 1 - 
bis({(3-formylphenyl)methoxy)carbonylferrocene, 1,1'*ls((4-((4-(hexyloxy)benzoyl)oxy)pfienoxy)carboriyl)fer- 
rocene 1 r-bis((4-(phenylmethoxy)phenoxy)carbonylfen-ocene, 1-((4-(decyloxy)phenoxy)carbonyl)-1 -((4-hy- 
droxyphenoxy)carbonyl)ferrocene, 1 ,1 ■-bis((4-(decyloxy)ptienoxy)carbonyl)ferrocene, 1 .1 ■-b.s((4-heptyloxy)phe- 
noxy)carbonyl)ferrocene. 1 .r-bls((4-(1 ,1 -dimethylethyl)phenoxy)carbonylferrocene, 1 ,r-bis(methoxycarbonyl)- 
2 2'-bls(methoxymethyl)ferrocene. 1 ,r-bis(methoxycarbonyl)-2,3'-bis(methoxymethyl)f errocene, 1 ,1 '-bisCethoxy- 
carbonyl)-2.3"-bls(methoxymethyl)ferrocene, 1,V-bls(ethoxycarbonyl)-2.2'-bls(nnethoxymethyl)ferrocene, 1- 
(ethoxycarbonyl)-r,2-bis(methoxymethyl)ferrocene, 1 ,r-bis(((1 ,4-dihydro-1 ,4-dioxy-2-naphthalenyl oxy^art)on- 
yOferrocene, l.r-bis(((4'-(heptyloxy){1.1'-blphenyl)-4-yl)oxy)carbonyl)ferrocene, 1,V-bls(((4-(hexyloxy)( ,1 -bi- 
phenylH-yl)oxy)carbonyl)ferrocene, 1 ,r-bls((4'-(pentyloxy)(1 ,1'-blphenyl)-4-yl)oxy)carbonyl)f errocene. 1 ,1 -bis(( 
(4'-butoxy(1 r-blphenyl)-4-yl)oxy)carbonyl)ferrocene, (metfioxycarbonyl)nonamethytferrocene. 1 ,r-(methoxycar- 
bonyl)-2 2' 3 3' 4 4' 5.5'-octamethylferrocene, 1-(2-acetyl-3-oxobutyl)-1'-(methoxyGarbonyl)ferrocene, 1-(methox- 
ycarbonyl)-r-(phenoxymethyl)ferrocene, 1 .V-bls((1 .1-dlmethylethoxy)carbonyl)ferrocene. 1 .1'-b's(((3-hy- 
droxymethyl)phenyl)methoxy)catbonyl)ferrocene, 1,1--bls(((5-(hydroxymethyl)-2-furanyl)methoxy)caitonyl)fer- 
rocene 1 r.bis((4-hydroxyphenoxy)carbonyl)ferrocene. 1 -acetyl-1 '-(propoxycarbonyOferrocene, 1 -acetyl-1 - 
(ethoxycart,onyl)ferrocene, decakls(methoxycarbonyl)ferrocene, 1 ,1 ■-bis((2-propenyloxy)carbonyl)ferrocerie. 
1 r-bls((pfienylmethoxy)carbonyl)ferrocene, 1-(ethoxycarbonyl)-r-ethylferrocene. 1 -(ethoxycarbonyl)-l -meth- 
oxyferrocene. 1 -(ethoxycarbonyl)-l ■phenylferrocene, 1 -acetyl-1 •-(4-(ethoxycarbonyl)phenyl)ferrocene, 1,1 -bis( 
(oxlranylmethoxy)carbonyl)ferrocene. 1-(hydroxymethyl)-1'-(methoxycarbonyl)ferrocene. 1 -(methoxycarbonyl)-l , 
2-dlphenylferrocene, 1 .(methoxycarbonyl)-l ■.S-diphenylferrocene, 1 ,r-bls(methoxycart)onyl)-3-methylferrocene, 
1 2-dlformyl-1' 2' 3 3" 4.4'.5,5'-octamethylferrocene, 1'-formyl-1 ,2,3,4-tetramethyl-5-(4,7,10,13-tetraoxatetradec- 
l-yDterrocene' i-acetyl-V-(2-ethoxy-2-oxoethyl)fen-ocene, 1-formyl-1'-(((6-hydroxyhexyl)oxy)niethyl)ferrocene, 
1 1 •-diacetyl-3'3'-bls(1 ,1 -dlmethylethyl)ferrocene. 1 •-formyl-1 ,2.3.4,5-pentamethylferrocene, 1 -(1 -methyl-3-oxo- 
1 -butenyl)-1 '-(1 -oxopropyDferrocene. 1 -acetyl-1 '-(1 -nfiethyl-3-oxo-1 -butenyl)ferrocene, 1 '-formyl-l ,2-d.methytfer- 
rocene 1 -formyl-1' 2 2' 3 3'.4,4'.5-octamethylferrocene. (acetylcyclopentadienyl)(neopentylcyclopentadienyl)iron 
1 -acetyl-1 '-ethynylferrocene. (benzoylcyclopentadlenyl)(neopentylcyclopentadienyl)iron, acetylnonamethylfer 
rocene l-formyl-1'-(hydroxyphenylmethyl)-2.2',3.3\4,4'.5.5"-octamethylferrocene. l-formyl-r-(l-hydroxyethyl) 
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2 2' 3 3',4,4',5,5'-octamethylferrocene, l.forrnyl-3-(hydroxymethyl)-r.2.2',3',4,4'.5,5'-octamethyJerrocene (ace- 
tylcyc opentadienyl)(hydroxycyclopentadienyl)iron. 1'-acetyl-1 ,2,3,4,5-pentaphenylferrocene 1 , -^'^^^f ^^- 
ZlhvSforrocone (aco,ylcyclopontadionyl)((2-ca*oxyvinyl)cyclopentadienyl)iron (acc.^^^^^^^ 
(2-carboxyethyl)cyclopentadienyl)iron, formylnonamethylferrocene. 1 ,r-diforinyl-2.2-.3,3',4 4 ,5,5 "O^tarnf ylfer- 
ocene,1-fomiyl-r-(hydroxymethyl)ferrocene,1-acetyl-1-(1-(acetyloxy)ethynyI)ferToc^^^^ 
oxyphenyl)-8-oxooctyl)ferrocene, 1-acetyl-V,3-bis(phenylmethyl)ferrocene, l-acetyl-1',2-b.s(phenylmethy )fe - 
rocene, 1 -acetyl- V-(1-hydroxy-1-phenylethyl)ferrocene, 1,V-diacetyl-2-methylferrocene. 1' -f';^'^'^;^^^^^^ 
ferrocene. 1-formyl-2-(4-methoxyphenyl)ferrocene, l-(3-ethylphenyl)-r-forniytferrocene. 1-(4-ethylphenyl)-1 - 
forr^ylferrocerie, 1-(3,5-dirr,ethylphenyl)-1^forrT,ylferrocer.c, 1-(4-(ethoxycarbonyl)phcnyl)-1 -fo^ 
(3 4-dimcthylphenyl)-r-formytferroccnc, 1-formyl-V-(4-methoxyphenyl)fcrrocone. 1-formyl-l - 4-mc hylpheny ) 
errocene 1-formyl-1'-(3-methylphenyl)ferrocene, 1-acetyl-1'-(4-(acetyloxy)phenyl)fe,Tocene, 1-formy-1 -phenyl- 
ferrocene! l-acetyl-V-(4-methoxyphenyl)ferrocene, l-acetyl-V-(3,4-dimethylpher,yl)ferrocene. -acey-1- 
(3,5-dimethylphenyl)ferrocene, 1 -acetyl ! ■-(4-methylphenyl)ferrocene, l-acetyl-V-phenylferTocene. l-ace^yl-l" 
3-rT,ethylphenyl)ferrocer,e, i-acetyl-r-(2-benzoyl-3-oxo-1-buter.yl)ferrocene, 

,4-pentadienyl)ferrocene, 1.acetyl-r-(2-acetyl-5-oxo-5-phenyl-1.3-pentad,enyl)ferrocene ^-^^^^^-\-<^^^2 
5-phenyl-1.3-pentadier.yl)ferrocene. 1 -acelyM '-(1 -hydroxyethyl)ferrocene. 1-acctyl-1 -(1-methoxy-3-phern^- 
2-prop^^yl)feLe^e, l-acetyl-V,3-bis(1-methylethyl)ferrocene, 1 ■-acetyM ,2-dimethylferrc«ene, 1 -ace^l- 
13-dimethylferrocene. 1-acetyl-r,3-bis(1,1-dimethylethyl)ferrocer,e, 1 -acetyl- V-(3-methoxy-3-phenyl-1-prope- 
nyl)ferrocene,1-acetyl-1^2-bis(1.1-dirnethylethyl)^errocer,e,1-acetyl-1^2-bis(1-rr^ethylethyl^^^^^^^ 
2 diethylferrocer,ej-acetyl-143-oxobutyl)ferrocerie. 1-acetyl-r-(3-acetylphenyl)ferrocene, 
phenyDferrocene, 1-acetyl-1'-methoxyferrDcene. 1-acetyl-1'-(tributylstannyl)ferrc3cene, and 1-formyl-1 -(tributyls- 

IvS ExIZSof corripounds having one or more sultur-containing group substituents having 1 to 20 carbon atorris 
include 1 -butvl-1 ■-(4-mercapto-1 -oxobutyl)ferrocenium, 1 .V-bis(4-mercapto-1 -oxobutyl)(errocene, 1 -(4-mercapto- 

1- oxobutyl)-141-oxobutyl)ferrocene,1-butyl-1-(4-me,capto-1-oxobutyl)ferrocene,1-(2-phenyte^^^^^ 
carbonyl)ferrocene,1-ethyl-3-(1-hydroxyethyl)-V-(2-thienylcartonyl)ferrocene,1-(phenylacetyl)-1-^ 
onyDferrocene, l-benzoyl-r-(2-thienylca,bonyl)ferrocene, l-(l-oxopropyl)-V-(2-thienylcarbonyl)ferrocer^e 1^1 - 
bis((2-((2-((1 3-dlthiol-2-ylidene)-1 ,3-dithlol-4-yl)thio)ethoxy)carbonyl)ferrocene, 1 -(methoxycarbony -((phe- 
nyllL me*yl)ferrocene. 1,1^bls((2-(3-thienyl)ethoxy)carbonyl)ferrocene, 1.V^ 
methoxy)carbonyl)ferrocene,1-(methoxycarbonyl)-14methoxysulfonyl)fen-ocene.1-acetyl-1-(5-acety^ 

2- thienyl)ferrocene, cyclopentadienyl((1 -formyl-2-(2-thienyl)vinyl)cyclopentadienyOiron, 1 -formyl-1 -sulfofer- 
rocene l-acetyl-1'-(methoxysulfonyl)ferrocene, and 1-acetyl-1'-sulfoferrocene. . , ^ 

(vii) Examples of compounds having one ormore phosphorus-containing group substituents having 1 to 20 carbon 
atoms include 1 ,r-bis(diphenylphosphino)ferrocene, 1 -acetyl-r-((diphenylphosphino)acetyl)ferrocene 1 .1 -bis 
(diphenylphosphino)acetyl)ferrocene,1-(diphenylphosphlno)-1'-fomiylferrocene,1-acelyl-1 -(d.phenylphosphino) 

ferrocene, and 1-acetyl-r-(diphenylphosphinyl)ferrocene. ..... ^ . , o q. q r,mn=>n 

(viii) Examples of compounds having substituents crosslinked to each other include 1.1 -diacetyl-2 3 - 1 .3-propan- 
ediyl)fe Jene, 1 ,2-diacetyM ,4'.(1 ,4-butanediyi)ferrocene. 1 .r-b«(methoxycarbonyl)-2,24oxyb,s(methylene ) 
ferrocene,1.r-bis(ethoxycarbonyl)-2,2^(oxybis(methylene))ferrocene,1-benzoyl-1-(3-o^^^ 

3 3'-(13-propanediyl)ferrocene. 1-(phenylacetyl)-V,3-(1,3-propanediyl)ferrocene. 1 -((4-methoxypher,y acetyl)- 
1' 3-1 5-pentanediyl)ferrocene. 1-((4-methoxyphenyl)acetyl)-r,3-(1 .S-propanediyDfen-ocene, 1 ,1 -(1 ,5-pen- 
tanediyl)-3-(phenylacetyl)ferrocene,1-fom,yl-1^3-(1.5-pentanediyl)ferrocene,1.1^diacety-3^^^^ 
ferrocene 1 benzoyl-V 2-(1.3-cyclopentanediyl)ferrocene, V,2-(1.4-butanediyl)-1-forn,yl-2'.3-(1,3-propaned.yl) 
ferrocene' 1 1 ■-diacetyl-2-,3-(1 ,5-pentanediyl)ferrocene. 1 -(1 -oxo-2-propenyl)-1 '.S-d .3-propanediyl)ferrocene. 1 - 
(methoxycarbonyl)-1'.2-(1.3-propanediyl)ferrocene. i.acetyl-r-(1-oxo-3-phenyl-2-propenyl)-2' 3-(1,3-propaned.- 
Werro2ne.1-aUtyM-:3-(3-phenyl-1.5-pentanediyl)ferroceneJ.1^diacetyl-2.341.^^^^^^^ 
diacelyl-3 3--{1 4-butanediyl)ferrocene, 1,V-diacetyl-2,3'-(1,4-butanediyl)ferrocene. 1-(methoxycarbonyl)-1 ,3- 
(1 3-propanediyl)ferrocene. 1-fomiyl-r,3-(1.3-propanediyl)ferrocene. 1.formyl-1^2-(1.3-propanedvOferroce^e. 
1 '-acetyl-l -(1 -oxo-2-propenyl)-2.3"-(1 ,5-pentanediyl)ferrocene, 1 -acetyl-1 --(1 -oxo-2-propenyl)-3 3 -(1 ,5-pen- 
tanediyl)ferrocene, l-benzoyl-r-(3-oxo-3-phenyl-1-propenyl)-3,3--(1,5-pentanediyl)ferrocene -benzoyl- 1- 
fomiyl-3 3'-(1 ,5-pentanediyl)ferrocene, 1-benzoyl-V-fomiyl-3.3'-(1 .3-propanedlyl)ferrocene. 1 ,1 -b.s(methoxycar- 
bonvl)-2 2' 3 3--bis(1 ,3-propanediyl)ferrocene, 1 ,1 •.bis(methoxycarbonyl)-2,2':4,4--bis(1 .3-propaned.yOferrocene, 
1V-bis(methoxycarbonyl)-2,4':2',4-bis(1.3-propanediyl)ferrocene, 1-(methoxycarbonyl)-r,2.3',4-bjs(1,3-propan- 
edlyl)ferrocene, 1 ,4-bls(methoxycarbonyl)-r,2:2',3-bis(1 ,3-propanediyl)fen'ocene. 1 -(methoxyca*onyl)-1 ,2;2 
3-bte(1,3-propanediyl)ferrocene. r,2-(1,4-butanediyl)-1-(4-methoxy-1,4-dioxobutyl)-2\3-(1-oxo-1.3-propa^^^^^^ 
ferrocene 1 ,1 •-bis(methoxycarbonyl)-2,3'-(1 ,3-propanediyl)ferTocene, 1 ,1 ■-bis(methoxycarbonyO-3,3 -(1 .3-pro- 
panediyDferrocene. 1-(melhoxyca,t,onyl)-r,3-(1 .3-propanediyl)ferrocene. 

(1 3-propanediyOferTocene. 1 -fom,yl-r.2-(1 .5-pentanediyl)ferrocene. 1 -acetyl- V-(1-oxo-3-phenyl-2-propenyl)- 
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3 3'-(1 5-pentanediyl)(errocene, l,r-bis(1-oxo-3-phenyl-2-propenyl)-3,3'-(1 ,5-pentanediyl)ferrocene, l-tormyl-V. 
2-3' 4Wentanediyl)ferrocene, 1-acetyl-1\2-(1,3-cyclopentanediyl)ferrocene, 1,r-diac^^^^^^ 
yDferrocone 1,2-diacetyl-r,4-(1,3-propanediyl)ferrocene. 1 ,V-diacetyl-3,3--(1 ,3-propanediyl)ferrocene, 1.1 - 
diacetyl-2 2'-(1 3-propanediyl)ferrocene, 1 ,4-diacetyl-1',2-(1 ,3-propanediyl)ferrocene, 1 -(1 -oxo-3-phenyl-2-prope- 
nvD-l 2'-(i 3-propanediyl)ferrocene, 1,r-bis(1-oxo-3-phenyl-2-propenyl)-3,3'-(1,3-propanediyl)ferrocene, 1,1 -bis 
(1 -oxo-3-phenyl-2-propenyl)-2,3--(1 ,3-propanediyl)ferrocene, 1 -(1 -oxo-3-phenyl-2-propenyl)-1 •,3-(1 ,3-propaned.- 
yDferrocene, 1 -acetyl-1 '-(1 -oxo-3-phenyl-2-propenyl)-3,3'-(1 ,3-propanediyl)ferrocene, 1 -acetyl-1 '-(1 -oxo-3-phe- 
nvl-2-propenyl)-2,2'-(1,3-propanediyl)ferrocene, 1 -acetyl-1 •-(1-oxo-3-phenyl-2-propenyl)-2,3'-{1.3-propanediyl) 
ferrocene 1 r-diacotyl-3,3'-(1 ,3-propanediyl)ferrocene, 1,V-diacctyl-2,2'-(1,3-propanediyl)forroceno, 1,1- 
diacetyl-2'3'-(i3-propanediyl)ferrocone,1-acelyl-r,2-(1,3-propancdiyl)ferroccne,1-benzoyl-r,3-(1,3-propanedi- 
yDferrocene, 1 -benzoyl- r,2-(1 ,3-propanediyl)ferrocene, 1-(1-oxopropyl)-r,3-(1 ,3-propanediyl)ferrocene, 1-(1-ox- 
opropvD-V 2-(1 ,3-propanedlyl)fen-ocene, 1 -acetyl-1 '.S-CI ,3-propanediyl)ferrocene, 1-acetyl-r,3-(4-oxo-1 ,4-bu- 
tanedlyDfe^rocene, 1-acetyl-V,2-(4-oxo-1 ,4-butanediyl)ferrocene, 1 -acetyl-1 •,2-(1-oxo-1.4-butanediyl)ferrocene, 
1 -acetyl-1 ' 3-(5-cxo-1 ,5-pentanedlyl)ferrocene, 1 -acetyl-1 ■,2-(5-oxo-1 ,5-pentanedlyl)ferrocene, 1 -acetyl-1 ,3- 
(3-0X0-1 3-propanediyl)ferrocene, 1-acetyl-1',3-(1-oxo-1,3-propanediyl)ferTOcene, 1-acetyl-r.2-(3-oxo-1,3-pro- 
panediyl ferrocene, 1-acetyl-r,2-(1-oxo-1.3-propanedlyl)ferrocenc. 1 -acetyl-1 \2:3\4-bjs(1, 3-propaned.y )fer- 
rocene 1 -acetyl-1 ' 3-(1,5-pentanediyl)ferrocene, 1.acetyl-V,2-(1,5-pentanediyl)ferrocene, 1 -acetyl-1 ,3-(1,4-bu- 
tanedlyl)ferrocene, 1 -acetyl-1 ^,2-{^ ,4-butanediyl)ferrocene, 1 -formyi-1 '.S-CI ,3-propanediyl)ferrocene, 1 -formyl-1 . 
2-(1 3-propanedlyl)ferrocene, 1 -(4-methoxy-1 ,4-dioxobutyl)-1 ■,2-(1 ,3-propanediyl)ferrocene, 1 -(4-methoxy-1 4-di- 
oxoliutyl)-1',3-(1,3-propanedlyl)ferrocene, 1-(3^arboxy-1-oxopropyl)-r,2-(1,3-propanedlyl)ferrocene 1-(3-car- 
boxy-1-oxopropyl)-r.3-(1,3-propanediyl)ferrocene, 1-iodo-r,2:3',4-bls(1,3-propanedlyl)ferTocene, 1-'od0;1.3- 
(1 5-pentanedlyl)ferrocene, 1,r-dibromo-2,2':3,3':5,5'-tris(1,3-propanediyl)ferTocene, 1 ,1 ■-d.chloro-2 2 -(diphe- 
nylsllylene)ferrocene. 1 ,r-dlchloro-2,2'-(dichlorosllylene)ferrocene, 1 .r-dilodo-2,3'-(1 ,3-propanediyl)ferrocene, 
1 r-dlbromo-2 3'-(1 .3-propanedlyl)ferrocene, 1 ,1'-dilodo-3,3'-(1 ,3-propanedlyl)ferrocene, 1 ,r-dibromo-3,3 - 
(1 3-propanedlyl)ferrocene, 1-iodo-r,3-(1 ,3-propanediyl)ferrocene. 1-bromo-r,3-(1 .3-propaned,yl)ferrocene, 
1 r-dllodo-2 2'-(1 3-propanedlyl)ferrocene, 1 ,r-dlbromo-2,2"-(1 ,3-propanediyl)ferrocene, 1-iodo-1 ,2-(1,3-pro- 
panedlyDferrocene, 1-bromo-V,2-(1,3-propanedlyl)ferrocene, l<:hloro-r,3-(1,5-dioxo-3-phenyl-1^5-pentaned,yl) 
ferrocene. 1 -bromo-1',3-(1 .5-dioxo-3-phenyl-1 ,5-pentanediyOferrocene, and 1-bromo-1',3-(3-caiboxy-1 ,5-dioxo- 
1 ,5-pentanedlyl)ferrocene. 

3. Cleavage-type photolnltiator (C) 

[00301 The cleavage-type photolnltiator (accelerator) (C) for use in the present Invention is not particularly limited 
Examples of the cleavage-type photoinftlator are given in Examples and below. Namely, examples thereof mc ude (i) 
acetophenone photolnitiators such as 4-phenoxydichloroacetophenone, 4-t-butyldichlorDacetophenone. 4-t-buty- 
trichloroacetophenone. diethoxyacetophenone. 2-hydroxy-2-methyl-1 -phenylpropan-1 -one, 1-(4-isopropylphenyl)- 
2-hydroxy-2-methylpropan-1-one, 1 -(4-dodecylphenyl)-2-hydroxy-2-methylpropan-1 -one, 4-(2-hydroxyethoxy)phenyl 
(2-hydroxy-2-propyl) ketone. 1 -hydroxycyclohexyl phenyl ketone, and 2-methyl-1-(4-(methylth,o)phenyl)-2-mor- 
pholinopropane-1; (ii) benzoin photoinitiators such as benzoin, benzoin methyl ether, benzoin ethyl ether, benzoin 
isopropyl ether, benzoin isobutyl ether, and benzoin methyl ketal; and (iii) other photoinitiators including a-acyloxin.e 
esters, acylphosphine oxides, methylphenyl glyoxylate, 3,3'.4.4'-tetra(t-butyl peroxycarbonyl)benzophenone. and 2.2 - 
azobis(2-methylbutyronitrile). 

[0031 1 In the case where the cleavage-type photolnltiator used is a peroxide, heating can also be used to cure the 
composition. In the case where the cleavage-type photoinitiator used is an azo compound, the composition can be 
foamed by regulating the addition amount of the photoinitiator or the quantity of light with which the composition is 
i rrsd i 3t6ct 

[00321 The photocurable composition of the present invention is prepared by mixing and stirring the a-cyanoacrylate 
A) the metallocene compound (B) comprising a transition metal of Group VIII of the periodic table and aromatic 
electron system ligands, and the cleavage-type photoinitiator (C) to completely dissolve the components (B) and (C) 
in the component (A). In the case where heating and stirring are required to dissolve the component (C), heating and 
stirring areconducted atatemperaturesuch that the component (A) is not degraded in quality or decomposed (generally 
up to about 60'C) The component (B) is dissolved in a similar manner as in the component (C). In general, the com- 
ponent (B) can be dissolved in the component (A) so that it is necessary to heat and stir the component (B). 
[0033] During and after adding the component (B) and (C), especially the component (C), to the component (A), the 
reaction system must be maintained to be shaded. 

[00341 The component (C) is added to the component (B) in limited amounts while stlrnng. so as not to add all the 

component (C) at a time. 

[00351 The above components each may be a single compound or a mixture of two or more compounds. 
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[00361 The addition amount of the component (B), which varies widely depending on kinds of the component (B) is 
10 to 100.000 ppm by weight, preferably 30 to 50,000 ppm by weight, more preferably 50 to 10,000 ppm based on the 

weight of the component (A). 

r0037] The addition amount of the component (C), which varies widely depending on kinds and addition amount of 
the component (B) and kinds of the component (C), is 1 00 to 20,000 ppm by weight, preferably 300 to 15,000 ppm by 
weight more preferably 500 to 1 0,000 ppm based on the weight of the component (A). 

[00381 The addition amount of the component (B) can be reduced by adding the component (C) to the component (A) 
[00391 In the case where the respective components are a mixture comprising two or more ingredients, the total 
amount of the ingredients of each component is the above addition amount. „ , , 

[00401 The composition may further contain one or more of the following ingredients as long as the effect of the 
present invention is not impaired. 

(1) anionic-polymerization inhibitors 

(2) radical-polymerization inhibitors 

(3) thickening agents 

(4) specific additives such as curing accelerators, plastci/ors, tougheners, and heat stabili/ers 

(5) perfumes, dyes, pigments, etc. 

[00411 A radcal-polymerizable compound such as an acrylic ester, can be added to the photocurable composition 
of the present invention. Even if a radk:al-polymerizable compound is added, the photocurable composition of the 
present invention can be rapidly cured owing to the cleavage-type photoinitiator. 

[00421 An anionic-polymerization inhibitor may be added in order to enhance the storage stability of the composition. 
Known examples thereof include sulfur dioxide, sulfur trioxide, nitrogen oxide, hydrogen fluoride, and p-toluenesulfonic 
acid. The anionic-polymerization inhibitor may be added in an amount of 0.1 to 10,000 ppm by weight based on the 
weight of the component (A). u i j tK 

[00431 Examples of radical-polymerization inhibitors include quinone, hydroquinone, t-butylcatechol, and p-methox- 
yphenol. The radical-polymerization inhibitor may be added in an amount of 0.1 to 10,000 ppm by weight based on 
the weight of the component (A). 

[00441 A thickening agents may be added in order to heighten the viscosity of the composition. Examples thereof 
include polymethacrylates (including poly(methyl methacrylate)), methacrylate copolymers, acrylic rubbers, cellulose 
derivatives, poly(vinyl acetate), and poly(a-cyanoacrylale)s. ... ^ ■• 

[00451 Many kinds of polymeric additives may be added usually for toughening. Examples thereof include acrylic 
elastomers acrylonitrile copolymer elastomers, fluoroelastomers, and a fine silica filler These substances function 
also as thickening agents. Other additives known to artisans may be used in the present invention. 
[00461 The curing of the photocurable composition of the present invention includes two kinds of curing, i.e., curing 
by anionic polymerization caused by a minute amount of the adsorption water present on adherend surface and cunng 
by anionc photopolymerization caused by light irradiation using a metallocene compound. 

[00471 The method for curing the photocurable composition of the present invention using light in-adiation comprises 
coating an adherends with the photocurable composition and irradiating the composition with electron beam, ultraviolet 
light visible light or near infrared light using a high pressure mercury lamp, a halogen lamp, a xenon lamp or sunlight. 
Effe^ive wavelength of the irradiated light varies with kinds of the metallocene compound and cleavage-type photoin- 
itiator Ultraviolet light and visible light are preferred. 

[00481 The photocurable composition of the present invention may be applied to various known uses as well as, in 
particular, to sealing of electronic parts, to furnishing a reel seat or fishing-line guides on a fishing rod, to fixing wires 
such as a coil, to filling for use in dental remedy, and to bonding or decorating an artificial nail. 
[0049] The present invention will be explained below by reference to Examples and Comparative Examples, but the 
invention should not be construed as being limited to these Examples. 

[00501 Forthe evaluation of photocurability, a4-kW highpressure mercury lamp (manufactured by Oakl^anufacturing 
Co Ltd ) was used as an ultraviolet irradiator to irradiate each sample from a distance of 1 5 cm. The values of integrated 
quantity of light shown in the Examples and Comparative Examples were found values obtained with integrating ac- 
tinometer UV-350 (manufactured by Oak Manufacturing Co., Ltd.). 

[00511 The results of a photocurability test shown in the Examples and Comparative Examples are given in terms 
of the integral of the quantity of light needed for complete photocuring; an irradiation operation in which the integrated 
quantity of light was regulated to 1 ,000 mJ/cm2 was repeated until complete photocuring. 

[0052] In the Examples and Comparative Examples, Three Bond 1 741 (ethyl a-cyanoacrylate adhesive; hereinafter 
abbreviated as TBI 741 ) was used as an a-cyanoaciylate unless othenwise indicated. 

[00531 The cleavage-type (hereinafter referred to as PI type) photoinitiators used in the Examples and Comparative 
Examples were an acylphosphine oxide (hereinafter abbreviated as APO), Irgacure 1 84 (1 -hydroxycydohexyl phenyl 
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ketone manufactured by Ciba-Geigy Ltd.), Irgacure 651 (benzyl dimethyl ketal manufactured by Ciba-Geigy Ltd.), Vi- 
cure 55 (methylphenyl glyoxylale manufactured by Stauffer Chemical Company), BTTB (3,3 ,4,4 -tetra(t-butylperoxy- 
Sr^onyl)ben/ophonone manufactured by Nippon Oil & Fats Co., Ltd.), and V-59 (2.2'-azob^(2-methylbutyron.tr,le) 
manufactured by Wako Pure Chemical Industries, Ltd.). 



EXAMPLES 1 TO 11 

[00541 In Examples 1 to 5, ferrocene (hereinafter referredto as CpzFe) as a metallocene compound alone was added 
to TBI 741 In predclennlncd amounts to obtain photocurable cyanoacrylate compositions. 

[0055] In Examples 6 to 11 , Cp^fe as a metallocene compound and various PI type photoinitlators were added to 
TBI 741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 

COMPARATIVE EXAMPLES 1 TO 13 

[0056] In Comparative Example 1 , TBI 741 alone was irradiated with light to ascertain as to whether a cured resin 

[0057]°' m Comparative Examples 2 to 7, various PI type photoinitlators alone were addedtoTB1741 In predetemiined 
amounts to obtain cyanoacrylate compositions. do r,h„t„in 

[0058] in Comparative Examples 8 to 1 0. various hydrogen-abstracting (hereinafter referred to as P2 type) photoin- 
itlators alone were added to TB1741 In predetermined amounts to obtain cyanoacrylate compositions^ 
[0059] in Comparative Examples 11 to 13, CpaFe and various P2 type photoinitlators were added to TBI 741 in 
predetennlned amounts to obtain cyanoacrylate compositions. 

rooeoi The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene 
tray with an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light 
needed for curing. The results of Examples 1 to 11 and Comparative Examples 1 to 1 3 are shown in Table 1 . 

Table 1 





Photoinitiator 


Addition Amount 


Amount of 
CpgFe 


Photocurability || 
(mJ/cm2) 


Ex.1 






1 ,000 ppm 


20,000 


Ex. 2 






5,000 ppm 


15,000 


Ex.3 






10,000 ppm 


12,000 


Ex.4 






30,000 ppm 


5,000 


Ex.5 






50,000 ppm 


2,000 


Ex.6 


P1 type 


APO 


1 ,000 ppm 


5,000 ppm 


1,000 


Ex.7 




Irgacure 184 


10,000 ppm 


5,000 ppm 


2,000 


Ex.8 




Irgacure 651 


10,000 ppm 


5,000 ppm 


9,000 1 


Ex.9 




Vicure 55 


5,000 ppm 


1 ,000 ppm 


7,000 1 


Ex. 10 




BTTB 


5,000 ppm 


1 ,000 ppm 


3,000 


Ex. 11 




V-59 


5,000 ppm 


1 ,000 ppm 


6,000 


Comp. Ex. 1 










20,000< 


Comp. Ex. 2 


P1 type 


APO 


1 ,000 ppm 




20,000< 


Comp. Ex. 3 




Irgacure 184 


10,000 ppm 




20,000< 


Comp. Ex. 4 




Irgacure 651 


10,000 ppm 




20,000< 


Comp. Ex. 5 




Vicure 55 


5,000 ppm 




20,000< 


Comp. Ex. 6 




BTTB 


5,000 ppm 




20,000< 


1 Comp. Ex. 7 




V-59 


5,000 ppm 




20,000< 1 
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Table 1 (continued) 





Photoinitiator 


Addition Amount 


Amount of 


Photocurability 
(mJ/cm^) 


Comp. Ex. 8 


DO hma 

rc. lypG 




o,uuu ppm 




20,000< 


Comp. Ex. 9 


ben/anthrone 


1 ,uuu pp>n 




20,000< 


Comp. Ex. 10 


phenanthrenequinone 


1 ,uuu ppr 1 1 




20,000< 


Comp. Ex. 11 


benzophenone 


5,000 ppm 


5,000 ppm 


15,000 


Comp. Ex. 12 


benzanlhrone 


1 ,000 ppm 


5,000 ppm 


20,000< 


Comp. Ex. 13 


phenanthrenequinone 


1 ,000 ppm 


5,000 ppm 


16,000 


"20,000<inp 
quantity of light of 


iotocurability evaluation means that the sample remained uncured atier in^adiaiion in an inl^yraicJ 
20,000 mJ/cm2. 


EXAMPLES 12 TO 20 



[0061] In Examples 12 to 14, ethylferrocene (hereinafter referred to as (EtCp)CpFe) as a metallocene compound 
alone was added to TBI 741 in predetennined amounts to obtain photocurable cyanoacrylate compositions. 
[00621 In Examples 15 to 20, (EtCp)CpFe as a metallocene compound and various P1 type photoinitiators were 
added to TBI 741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 

COMPARATIVE EXAMPLES 14 TO 16 

[0063] In Comparative Examples 14 to 16. (EtCp)CpFe and various P2 type photoinitiators were added to TBI 741 
in predetemiined amounts to obtain cyanoacrylate compositions. 

[0064] The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene 
tray with an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light 
needed for curing. The results of Examples 12 to 20 and Comparative Examples 14 to 16 are shown in Table.2. 



Table 2 





Photoinitiator 


Addition Amount 


Amount of (EtCp) 
CpFe 


Photocurability 11 
(mJ/cm^) 


Ex. 12 






1 ,000 ppm 


8,000 


Ex. 13 






5,000 ppm 


6,000 


Ex. 14 






10,000 ppm 


5,000 


Ex. 15 


PI type 


APO 


1 ,000 ppm 


5,000 ppm 


1,000 


Ex. 16 




Irgacure 1 84 


10,000 ppm 


5,000 ppm 


2,000 


Ex. 17 




Irgacure 651 


10,000 ppm 


5,000 ppm 


2,000 


Ex.18 




Vicure 55 


5,000 ppm 


1 ,000 ppm 


3,000 


Ex. 19 




BTTB 


5,000 ppm 


1 ,000 ppm 


2,000 


Ex. 20 




V-59 


5,000 ppm 


1 ,000 ppm 


3,000 


Comp. Ex. 14 


P2 type 


benzophenone 


5,000 ppm 


5,000 ppm 


6,000 


Comp. Ex. 15 




benzanthrone 


1 ,000 ppm 


5,000 ppm 


7,000 


Comp. Ex. 16 




phenanthrenequinone 


1 ,000 ppm 


5,000 ppm 


16,000 



EXAMPLES 21 TO 26 

[0065] In Comparative Example 21 to 22, n-butylfen-ocene (hereinafter referred to as (BuCp)CpFe) as a metallocene 
compound alone was added to TBI 741 in a predetermined amount to obtain a photocurable cyanoacrylate composition. 
[0066] In Examples 23 to 26, (BuCp)CpFe as a metallocene compound and various P1 type photoinitiators were 
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added to TB1 741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 
COMPARATIVE EXAMPLES 17 TO 19 

[0067] In Comparative Examples 1 7 to 1 9, (BuCp)CpFe as a metallocene compound and various P2 type photoini- 
tiators were added to TBI 741 In predetermined amounts to obtain cyanoacrylate compositions. 
[0068] The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene 
tray with an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light 
needed for curing. The results of Examples 21 to 26 and Comparative Examples 17 to 19 are shown In Table 3. 



Table 3 





Photoinitiator 


Addition Amount 


Amount of (BuCp) 
CpFe 


Photocurability 1 
(nnJ/cm2) 


Ex. 21 






5,000 ppm 


5,000 


Ex.22 






10,000 ppm 


4,000 


Ex.23 


PI type 


APO 


1 ,000 ppm 


5,000 ppm 


1,000 


Ex.24 


Irgacure 184 


10,000 ppm 


5,000 ppm 


2,000 


Ex. 25 


Irgacure 651 


10,000 ppm 


5,000 ppm 


4,000 


Ex.26 


Vicure 55 


5,000 ppm 


1 ,000 ppm 


3,000 


Comp. Ex. 17 


p2 type 


benzophenone 


5,000 ppm 


5,000 ppm 


6,000 


Comp. Ex. 18 


benzanthrone 


1 ,000 ppm 


5,000 ppm 


12.000 


Comp. Ex. 19 


phenanthrenequinone 


1 ,000 ppm 


5,000 ppm 


10,000 



EXAMPLES 27 TO 31 

[0069] In Example 27, tert-amyifen^ocene (hereinafter referred to as (AmCp)CpFe) as a metallocene compound alone 
was added to TBI 741 in a predetemriined amount to obtain a photocurable cyanoacrylate composition. 
[0070] In Examples 28 to 31 , (AmCp)CpFe as a metallocene compound and various PI type photolnitiators were 
added to TB1741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 

COMPARATIVE EXAMPLES 20 TO 22 

[00711 In Comparative Examples 20 to 22, (AmCp)CpFe as a metallocene compound and various P2 type photoin- 
itiators were added to TBI 741 in predetemnined amounts to obtain cyanoacrylate compositions. 
[00721 The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene 
tray with an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light 
needed for curing. The results of Examples 27 to 31 and Comparative Examples 20 to 22 are shown in Table 4. 

Table 4 





Photoinitiator 


Addition Amount 


Amount of (AmCp) 
CpFe 


Photocurability | 
(mJ/cm2) 1 


Ex. 27 






5,000 ppm 


7,000 


Ex. 28 


P1 type 


APO 


1 ,000 ppm 


5,000 ppm 


1,000 


Ex. 29 


Irgacure 184 


10,000 ppm 


5,000 ppm 


3,000 


Ex. 30 


Irgacure 651 


10,000 ppm 


5,000 ppm 


4,000 


Ex. 31 


Vicure 55 


5,000 ppm 


1 ,000 ppm 


5,000 


Comp. Ex. 20 


P2 type 


benzophenone 


5,000 ppm 


5,000 ppm 


7,000 


Comp. Ex. 21 


benzanthrone 


1 ,000 ppm 


5,000 ppm 


11,000 


Comp. Ex. 22 


phenanthrenequinone 


1 ,000 ppm 


5,000 ppm 


8,000 
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EXAMPLES 32 TO 37 

[0073] In Example 32 to 33, benzoylferrocene (hereinafter referred to as (BzoCp)CpFe) as a metallocone connpound 
alone was added to TB1741 In a predetermined amount to obtain a photocurable cyanoacrylate composition. 
[0074J In Examples 34 to 37, (BzoCp)CpFe as a metallocene compound and various P1 type photoinitiators were 
added to TB1 741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 



COMPARATIVE EXAMPLES 23 TO 25 

[0075] In Comparative Examples 23 to 25, (BzoCp)CpFe as a metallocene compound and various P2 type photoin- 
itiators were added to TB1741 in predetennined amounts to obtain cyanoacrylate compositions. 
[0076] The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene 
tray with an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light 
needed for curing. The results of Examples 32 to 37 and Comparative Examples 23 to 25 are shown in Table 5. 



Table 5 





Photoinitiator 


Addition Amount 


Amount of (BzoCp) 
CpFe 


Photocurability 

(mJ/cm2) 


Ex. 32 






5,000 ppm 


15,000 


Ex. 33 






10,000 ppm 


12,000 


Ex.34 


P1 type 


APO 


1 ,000 ppm 


5,000 ppm 


9,000 


Ex.35 


Irgacure 184 


10,000 ppm 


5,000 ppm 


9,000 


Ex.36 


Irgacure 651 


10,000 ppm 


5,000 ppm 


10,000 


Ex. 37 


VIcure 55 


5,000 ppm 


1 ,000 ppm 


6,000 


Comp. Ex. 23 


P2 type 


benzophenone 


5,000 ppm 


5,000 ppm 


18,000 


Comp. Ex. 24 


benzanthrone 


1 ,000 ppm 


5,000 ppm 


16.000 


Comp. Ex. 25 


phenanthrenequlnone 


1 ,000 ppm 


5,000 ppm 


17.000 1 



EXAMPLES 38 TO 42 

[0077] In Example 38, cyclohexenylferrocene (hereinafter referred to as (CyheCp)Cp Fe) as a metallocene compound 
alone was added to TB1 741 in a predetennined amount to obtain a photocurable cyanoacrylate composition. 
[0078] In Examples 39 to 42, (CyheCp)CpFe as a metallocene compound and various PI type photoinitiators were 
added to TBI 741 in predetennined amounts to obtain photocurable cyanoacrylate compositions. 



COMPARATIVE EXAMPLES 26 TO 28 

[0079] In Comparative Examples 26 to 28, (CyheCp)CpFe as a metallocene compound and various P2 type pho- 
toinitiators were added to TBI 741 in predetennined amounts to obtain cyanoacrylate compositions. 
[0080] The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene 
tray with an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light 
needed for curing. The results of Examples 38 to 42 and Comparative Examples 26 to 28 are shown in Table 6. 



Table 6 



1 Ex. 38 


Photoinitiator 


Addition Amount 


Amount of 

(CyheCp)CpFe 


Photocurability 1 
(mJ/cm2) 








5,000 ppm 


9,000 1 
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^ — 


Photoinitlator 


Addition Amount 


Amount of 
(CyheCp)CpFe 


1 

Photocurability 

(mj/cm*^) 1 


Ex. 39 


P1 type 


APO 


1 ,000 ppm 


5,000 ppm 




Ex.40 


Irrtamirp 


10,000 ppm 


5,000 ppm 


4,UUU 


Ex. 41 


Irgacure 651 


10,000 ppm 


5,000 ppm 


4,UUU 


Ex. 42 


Vicure 55 


5,000 ppm 


1 ,000 ppm 


8,000 


Comp. Ex. 26 


P2 type 


benzophenone 


5,000 ppm 


5,000 ppm 


10,000 


Comp. Ex. 27 


benzanthrone 


1 ,000 ppm 


5,000 ppm 


11,000 


Comp. Ex. 28 


phenanthrenequinone 


1 ,000 ppm 


5,000 ppm 


11,000 



EXAMPLES 43 TO 47 

[00811 In Example 43, cyclopentenylferrocene (hereinafter referred to as (CypeCp)CpFe) as a metallocene com- 
pound alone was added to TB1741 in a predetermined amount to obtain a photocurable cyanoacrylate composition. 
[00821 In Examples 44 to 47, (CypeCp)CpFe as a metallocene compound and various P1 type photoiniliators were 
added lo TB1741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 

COMPARATIVE EXAMPLES 29 TO 31 

[0083] In Comparative Examples 29 to 31 , (CypeCp)CpFe as a metallocene compound and various P2 type pho- 
toinitiators were added to TB1 741 in predetermined amounts to obtain cyanoacrylate compositions. 
[00841 The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene 
tray with an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light 
needed for curing. Tlie results of Examples 43 to 47 and Comparative Examples 29 to 31 are shown m Table 7. 

Table 7 





Photoinitiator 


Addition Amount 


Amount of 
(CypeCp)CpFe 


Photocurability 
(mJ/cm2) 


Ex.43 






5,000 ppm 


13,000 


Ex.44 


P1 type 


APO 


1 ,000 ppm 


5,000 ppm 


3,000 


Ex.45 


Irgacure 1 84 


10,000 ppm 


5,000 ppm 


4,000 


Ex. 46 


Irgacure 651 


10,000 ppm 


5,000 ppm 


5,000 


Ex. 47 


Vicure 55 


5,000 ppm 


1 ,000 ppm 


11,000 


Comp. Ex. 29 


P2 type 


benzophenone 


5,000 ppm 


5,000 ppm 


14,000 


Comp. Ex. 30 


benzanthrone 


1 ,000 ppm 


5,000 ppm 


13,000 


Comp. Ex. 31 


phenanthrenequinone 


1 ,000 ppm 


5,000 ppm 


13,000 



EXAMPLES 48 TO S3 

[0085] In Example 48 to 49, ferrocenecarboxyaldehyde (hereinafter referred to as (CaAICp)CpFe) as a metallocene 
compound alone was added to TBI 741 in a predetermined amountto obtain a photocurable cyanoacrylate composition. 
[0086] In Examples 50 to 53, (CaAICp)CpFe as a metallocene compound and various PI type photoinitiators were 
added to TBI 741 in predetermined amounts lo obtain photocurable cyanoacrylate compositions. 

COMPARATIVE EXAMPLES 32 TO 34 

[0087] In Comparative Examples 32 to 34, (CaAICp)CpFe as a metallocene compound and various P2 type pho- 
toinitiators were added to TBI 741 in predetemined amounts to obtain cyanoacrylate compositions. 
[0088] The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene 
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trav with an inner diameter of 30 rT,m and irradiating the sample with light to measure the integrated quantity of light 
nle^^lor curing. The results of Examples 48 to 53 and Comparative Examples 32 to 34 are shown .n Table 8. 





Photoinitiator 


Addition Amount 


Amount of 

(CaAlCD^CoFe 


Photocurability 
(mJ/cm2) 


Ex. 48 






5,000 ppm 


12,000 


Ex. 49 






1 fi 000 Dom 


11,000 


Ex. 50 


P1 type 


APO 


1 ,UuU ppm 


S 000 Dom 


7,000 


Ex. 51 


Irgacure 184 


10,000 ppm 


5,000 ppm 


8,000 


Ex 52 


Irgacure 651 


10,000 ppm 


5,000 ppm 


10,000 


Ex 53 


Vicure 55 


5,000 ppm 


1 ,000 ppm 


8.000 


Comp. Ex. 32 


P2 type 


benzophenone 


5,000 ppm 


5,000 ppm 


14,000 


Comp. Ex. 33 


benzanlhrone 


1 ,000 ppm 


5,000 ppm 


15,000 


Comp. Ex. 34 


phenanthrenequlnone 


1 ,000 ppm 


5,000 ppm 


13,000 



10 



15 



20 



25 



EXAMPLES 54 TO 71 

[0089] in Example 54 to 71 , various metallocene compounds each alone was added to TB1 741 in a predetemiined 
amount to obtain a photocurable cyanoacrylate composition. „^i„othx/if.np 
r0090 The photocurability of each of the compositions was evaluated by placing 1 g of a sample m a PO Vethy le^^^^^ 
Inlnner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light 
needed for curing. The results of Examples 54 to 71 are shown in Table 9. 



Table 9 



30 



35 



40 



45 



50 



55 





Photoinitiator 


Addition Amount 


Photocurability (mJ/cm^) | 


Ex. 54 


(AcCp)CpFe 


5,000 ppm 


12,000 1 


Ex. 55 


(MeCp)2Fe 


500 ppm 


5,000 J 


Ex.56 


(MeCp)2Fe 


1 ,000 ppm 


4.000 


Ex. 57 


(MeCp)2Fe 


3,000 ppm 


1,000 


Ex.58 


(BzoCp)2Fe 


500 ppm 


1,000 


Ex. 59 


(AcCp)2Fe 


100 ppm 


13,000 


Ex. 60 


(AcCp)2Fe 


300 ppm 


5,000 


Ex.61 


(AcCp)2Fe 


600 ppm 


2,000 


Ex. 62 


(AcCp)2Fe 


1 ,000 ppm 


1,000 


Ex.63 


(Me5Cp)2Fe 


50 ppm 


3,000 


Ex. 64 


(Me5Cp)2Fe 


100 ppm 


1,000 


Ex. 65 


(Me5Cp)2Fe 


100 ppm 


8,000 


Ex. 66 


(Me5Cp)2Fe 


300 ppm 


4,000 


Ex. 67 


(Me5Cp)2Fe 


500 ppm 


2,000 


Ex. 68 


(Me5Cp)2Fe 


1 ,000 ppm 


1,000 


Ex. 69 


CP2RU 


50 ppm 


3,000 


Ex. 70 


CpgRu 


100 ppm 


2,000 
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Table 9 (continued) 





Photoinitlator 


Addition Annount 


Photocurability (mJ/cm^) 


Ex. 71 


CpgRu 


300 ppm 


1,000 



Remarks 

(AcCp)CpFe: acetylferrocene (MeCp)2Fe: 1 ,1'-dimethylferrocene 
(BzoCp)2Fe: 1 ,1'-dibenzoylferrocene 
(AcCp)2Fe: di(acetylcyclopcntadiGnyl)iron 
(Me5Cp)2Fe: bis(pentamethylcyclopentadienyl)iron 
(Me5Cp)20s: bis(pentannethylcycIopentadienyl)osmium 
CpaRu. bis(cyclopentadienyl)ruthenlum 



EXAMPLES 72 TO 76 

[00911 in Examples 72 to 76. Cp2Fe as a metallocene compound and APO as a P1 type photoinitiator was added 
to TBI 741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 

COMPARATIVE EXAMPLES 35 TO 37 

[00921 in Examples 35 to 37, Cp2Fe as a metallocene compound and various P2 typo photoinrtiators were added to 
TR1 741 in oredetermined amounts to obtain cyanoacrylate compositions. ,u,,,^no 
rooS The photoTurability of each of the composrtions was evaluated by placing 1 g of a sample ,n a Po^yejene 
1 with dinner diameter Of 30 mm and irradiating the sample with light to measure the mtegrated quan^ty of light 
nZ^Zo^Zng. The resutts of Examples 72 to 76 and Comparative Examples 35 to 37 are shown .n Table 1 0. 





Amount of APO 


Amount of Cp2Fe 


Photocurability (mJ/cm^) 


Ex. 72 


1 ,000 ppm 


500 ppm 


10,000 


Ex. 73 


1 ,000 ppm 


1 ,000 ppm 


8,000 


Ex. 74 


2,000 ppm 


100 ppm 


3,000 


Ex. 75 


2,000 ppm 


500 ppm 


1,000 


Ex. 76 


3,000 ppm 


500 ppm 


1,000 


Comp. Ex. 35 


1 ,000 ppm 




20,000< 


Comp. Ex. 36 


2,000 ppm 




20,000< 


Comp. Ex. 37 


3,000 ppm 




20,000< 1 



EXAMPLES 77 TO 81 

[00941 in Examples 77 to 81 , (EtCp)CpFe as a metallocene compound and APO as a PI type photoinitlator were 
oHHoH tn TR1 741 in oredetermined amounts to obtain photocurable cyanoacrylate compositions. 
?^51 The t cu fbCf^e^^^^^ of the composftions was evaluated by placing 1 g of a sample in a po yet yiene 
S^with Inlnnerdlameter of 30 mm and irradiating the sample with light to measure the integrated quantrty of l«ht 
needed for curing. The results obtained are shown in Table 11 . 





Amount of APO 


Amount of (EtCp)CpFe 


Photocurability (mJ/cm^) 


Ex.77 


1 ,000 ppm 


500 ppm 


3,000 


Ex. 78 


1 ,000 ppm 


1 ,000 ppm 


1,000 


Ex.79 


2,000 ppm 


50 ppm 


1,000 


Ex. 80 


2,000 ppm 


1 00 ppm 


1,000 


1 Ex. 81 


3,000 ppm 


500 ppm 


1,000 
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EXAMPLES 82 to 86 

ro096] In Examples 82 to 86, (BuCp)CpFe as a motallocone compound and APO as a P1 type photoinitiator were 
added to TB1 741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 
ra097] The photocurability of each of the composrt.ons was evaluated by placing 1 g of a samp e in a Po Vethy le^ 
Iray with an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light 
needed for curing. The results obtained are shown in Table 12. 

Tabic 12 





Amount of APO 


Amount of (BuCp)CpFe 


Photocurability (mJ/cm^) 


Ex. 82 


1,000 ppm 


500 ppm 


3,000 


Ex. 83 


1 ,000 ppm 


1 ,000 ppm 


2,000 


Ex. 84 


2,000 ppm 


100 ppm 


1,000 


Ex. 85 


2,000 ppm 


500 ppm 


1,000 


Ex. 86 


3,000 ppm 


500 ppm 


1,000 



EXAMPLES 87 TO 91 

[00981 In Examples 87 to 91 , {AmCp)CpFe as a metallocene compound and APO as a P1 type photoinitiator were 
added to TBI 741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. , ,^ . 

100991 The photocurability of each of the compositions was evaluated by placing 1 g of a sample - « P°J^^^^^^^^^^^^ 
lay with an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light 
needed for curing. The results obtained are shown in Table 13. 

Table 13 





Amount of APO 


Amount of (AmCp)CpFe 


Photocurability (mJ/cm^) 1 


Ex. 87 


1 ,000 ppm 


500 ppm 


4,000 


Ex. 88 


1 ,000 ppm 


1 ,000 ppm 


2,000 


Ex. 89 


2,000 ppm 


1 00 ppm 


1,000 


Ex.90 


2,000 ppm 


500 ppm 


1,000 


Ex.91 


3,000 ppm 


500 ppm 


1,000 1 



EXAMPLES 92 AND 93 

[01001 In Examples 92 and 93, (BzoCp)CpFe as a metallocene compound and APO as a P1 type photoinitiator were 
added to TBI 741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 
raiOll The photocurability of each of the composrtions was evaluated by placing 1 g of a sample in a PoJ^t^yle^^^^^ 
!ray with an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light 
needed for curing. The results obtained are shown in Table 14. 

Table 14 





Amount of APO 


Amount of (BzoCp)CpFe 


Photocurability (mJ/cm2) 


1 Ex. 92 


2,000 ppm 


1 ,000 ppm 


4.000 


1 Ex. 93 


3,000 ppm 


1 ,000 ppm 


1,000 



EXAMPLES 94 TO 96 

[01021 In Examples 94TO 96, (CyheGp)CpFe as a metallocene compound and APO as a P1 type photoinitiatorwere 
added to TB1 741 in predetemiined amounts to obtain photocurable cyanoacrylate impositions. .... 
[0103] The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a Po yethylene 
tray with an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light 
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needed for curing. The results obtained are shown in Table 15. 

Table 15 



10 



20 





Amounl of APO 


Amount of (CyheCp)CpFe 


Pholocurabillty (mJ/cm2) 


Ex. 94 


2,000 ppm 


500 ppm 


1,000 


Ex. 95 


2,000 ppm 


1 ,000 ppm 


1,000 


Ex. 96 


3,000 ppm 


500 ppm 


1,000 



EXAMPLES 97 AND 98 

[01041 in Examples 97 and 98, (CypeCp)CpFe as a metallocene compound and APO as a PI type photoinitiator 
were added to TB1 741 in predetemiined amounts to obtain photocurable cyanoacrylate compositions. 
ToTos] The photocurability of each of the compositions was evaluated by placing 1 g of a sample .n -PO^^^^^^ 
Ta, lu an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light 
needed for curing. The results obtained are shown in Table 1 6. 



35 



40 



45 



50 



55 





Amount of APO 


Amount of (CypeCp)CpFe 


Photocurability (mJ/cm^) 


Ex. 97 


2,000 ppm 


1 ,000 ppm 


2,000 


1 Ex. 98 


3,000 ppm 


500 ppm 


1,000 



25 EXAMPLES 99 TO 101 

roioei lnExamples99to101.(CaAlCp)CpFeasametallocenecompoundandAPOasaP1typephotointtiatorwe^ 
added to TBI 741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 
[010:n The photocurability of each of the compositions was evaluated by placing 1 g of a sample « P° V^^^^^ 
30 tray with an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light 
needed for curing. TTie results obtained are shown in Table 1 7. 

Table 17 





Amount of APO 


Amount of (CaAIGp)CpFe 


Photocurability (mJ/cm^) 


Ex. 99 


2,000 ppm 


1 ,000 ppm 


4,000 


Ex. 100 


3,000 ppm 


500 ppm 


4,000 


Ex. 101 


3,000 ppm 


1 ,000 ppm 


1,000 



EXAMPLES 102 TO 112 

101081 In Examples 102 to 109, 1,V-dl-n-butylferrocene. bis(pentamethylcyclopentadienyl)ruthenium, and bis(cy- 
Sta eny rsn^^T, (herein referred lo ss (BuGp),Fe. (Me,Cp),Ru. and Cp.Os, respectively) as metallocene 
Sounds Blie were added to TB1 741 in respective predetermined 

SrTExamples 110 to 112. (BuCp),Fe. (Me3Cp),Ru. and Gp,Osas metallocene compounds and APO as a PI 
lype photoinitiator were added to TB1 741 in predetemilned amounts to obtain photocurable cyanoacrylate composi- 

loTlOl The photocurability of each of the compositions was evaluated by placing 1 g of a sample i" « Polyj^hyle^^^^^ 
tray with an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light 
needed for curing. The results obtained are shown In Table 1 8. 





Metallocene Compound 


Addition Amount 


Addition Amount of APO 


Photocurability (mJ/cm^) 1 


Ex. 102 


(BuCp)2Fe 


500 ppm 




5,000 
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Metallocene Compound 


Addition Amount 


Addition Amount of APO 


rnoiocurduniiy ^iiu/oni ; 1 


Ex. 103 


(BuCp)2Fe 


1 ,000 ppm 




9 nno H 


Ex. 104 


(Mc5Cp)2Ru 


3,000 ppm 






Ex. 105 


(Me5Cp)2Ru 


5,000 ppm 




fx nnn 


Ex. 106 


CP2OS 


1 00 ppm 




1 o,uuu 


Ex. 107 


CP2OS 


300 ppm 




1 UjUUU 


Ex. 108 


CP2OS 


500 ppm 




o,uuu 


Ex. 109 


OP2^S 


1 000 DDm 




3,000 


Ex. 110 


(BuCp)2Fe 


500 ppm 


2,000 ppm 


1,000 


Ex. 111 




3,000 ppm 


2,000 ppm 


2,000 


Ex. 112 


1 CpaOs 


500 ppm 


2,000 ppm 


1,000 



EXAMPLES 113 TO 117 AND COMPARATIVE EXAMPLE 38 

[0111] (AcCp)2Fe was added to TB1 741 in predetermined amounts to obtain photocurable cyanoac-ylate composi- 
lons n a storage stability test, 20 g of each sample was placed In a light-shielded polyethylene container, stored a 
70»C for 1 week and then examined for viscosity and photocurability. PhotocuraMity was --'"^ -^^^^^^^^^ 
a sample in a polyethylene tray with an inner diameter of 30 mm and irradiating the sample «''thJ'9M to measure the 
rntegTatedquantily of l!ghtneededfor curing. Viscos^was measured at room temperature^ 
(manufactured by Tokyo Keiki Co., Ltd.) fitted with an adapter. The results obtained are shown in Table 19. 





Comp. Ex. 38 


Ex.113 


Ex. 114 


Ex. 115 


Ex. 116 


Ex.117 j 


Amount of (AcCp)2Fe 


Oppm 


100 ppm 


300 ppm 


500 ppm 


1 ,000 ppm 


1 ,500 ppm 1 


Blank Viscosity (mPa-s) 

Photocurability 


1.90 


2.00 
13,000 


2.10 
5,000 


2.00 
2,000 


1.90 
1,000 


1.95 

1 ,000 1 


ZO^'Cx 1W Viscosity 
(mPa s) Photocurability 


1.95 


2.05 
14,000 


2.10 
6,000 


2.15 
2,000 


2.60 
1,000 


4.35 

1 ,000 1 



[0112] Photocurability is shown in tem,s of the integrated quantity of light (mJ/cm^) neededforcomplelephotocuring. 
EXAMPLES 11 8 TO 121 

[0113] To TBI 741 were added (AcCp)2Fe in an amount of 1,000 ppm and either a radical-polymer^ation inhibitor 
hydroquinone) or an anionic-polymerization inhibitor (p-toluenesulfonic acid) in Pred^termmed amounts. The «>rnpo^ 
Sons obtained were evaluated for photocurability in the same manner as in Examples 1 to 39 to ascertain that the 
photocuring reaction proceeded by anionic polymerization. The results obtained are shown in Table 20. 



Table 20 



Example No. 


62 


118 


119 


120 


121 


(AcCp)2Fe 
Hydroquinone 

p-Toluenesulfonic acid 


1,000 


1,000 
1.000 


1,000 
3,000 


1,000 
1,000 


1.000 
3.000 


Photocurability (mJ/cm2) 


1,000 


1,000 


1,000 


>: 


X 



[01141 The numerals in the table Indicate addition amounts (ppm) based on TBI 741. 

x: The sample remained uncured even after light irradiation in an integrated quantity of light of 10,000 mJ/cm . 
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EXAMPLES 122 AND 123 

r0115l (AcCp),Fo was added to each of methyl a-cyanoacrylate (hereinafter abbreviated as MCA) and ethoxyethyl 
L cilac^^^^^^ abbreviated as EECA) as a-cyanoacrylates in an amount of 1 ,000 ppm. ^he compo^^^^^^^ 

weTevaluated for photocurability in the same manner as in Examples 1 to 39. The results obtained are shown .n Table 
21. 

Table 21 



1 Example No. 


62 


122 


123 


1 a-Cyanoacrylate 


TB1741 


MCA 


EECA 


1 Photocurability (mJ/cm^) 


1,000 


1,000 


1,000 



[0116] 



Photocurability isshownin terms oflheintegrated quantity oflight(mJ/cm2)needcdforcomplctephoto^ 



EXAMPLES 124 AND 125 

r0117l In Examples 124 and 125, Cp.fo as a metallocene compound and APO as a PI type photoinitiator were 
adde3 in amoun^s of 500 ppm and 2 000 ppm, respectively to each of methyl a-cyanoacrylate (here.nafter abb^viated 
as MC^) and e hoxyethyl a-cyanoacrylate (hereinafter abbreviated as EECA) as a-cyanoacylatos to obta.n photocur^ 
rbleXacrylato compositions. The photocu^ility of each of the compositions was evaluated by placng 1 g of a 
2mp?e in a polyethylene tray with an inner diameter of 30 mm and irradiating the sample with hght to measure the 
integrated quantity of light needed for curing. The results obtained are shown in Table 22. 

Table 22 





a-Cyanoacrylate 


Photocurability (mJ/cm2) 


Ex. 75 


TB1741 


1,000 


Ex. 124 


MCA 


1,000 


Ex. 125 


EECA 


1,000 



[0118] The composition of the present invention, i.e., the photocurable composition comprising an «-cyanoacrylate 
and a metallocene compound or the composition thereof further comprising a cleavage-type photo.nit.ator, can be 
apidlcuX^^^^^ 

has overflown from the bonding part, or when the composition applied is not sandwiched between a pair of adherends 
as in coS Since the curing reaction proceeds by anionte polymerization, not on^r the composition does not suffer 
the cu'nt nhibi«on by oxygen which is observed in radical polymerization, but afeo even that part of the a,mpos.tK,n 
to which light cannot reach due to the shape of the substrate cures by the anionic polymenzation ,n.t,med by light 
rradS .'f rt'er, since the metallocene compound has a light absorption wavelength region ^^^^^^^^^ 
nm to the longer-wavelength side, the composition can be cured with a light in a wider wavelength region, i.e., even 

S^onLprisingana-cyanoacnrlateandametallocenecompoundunderlightirradiationcanbesigm 

bl apP-pSateV selecting a kind of the cleavage-type photoinitiator to be used. Furthem^ore, the effective wavelength 

of thp liaht necessarv to cure the composition is controlled in this case. 

miTo ' Si cTthe addition of a Ceavage-type photoinrtiator reduces the addrtion amount of the mejanocene^^^^^^^ 
Sound whfch is relatK^ely expensive component of the composition of the present invention, the use o the cleavage- 
Type photoinitiator decreases the total cost of the adhesK^e composition of the present inven on ^^^^^^^^"^^ 
pounds when dissolved in an a-cyanoacrylate. sometimes color the solution of the composition, even so reducing 
the amount of the metallocene compound is effective in maintaining the colorlessness and transparency of the com- 

Moreover, in the composition further comprising a cleavage-type photoinitiator. since the '^-^^^f^lTr 
0 r^tiator functions as an initiator for anionic polymerization, even when the composition contains a radical-polymer^ 
zr^omprdsurhasanac^liccompound,i^ 

therein In the case where the cleavage-type photoinitiator used is a peroxide, heating can also be used to cure the 
ciri 1 in the case where the cleavage type photoinitiator used is an azo compound, the composition can be 
Tm^ b;"egulating the addition amount of the photoinitiator or the quantity of light with which the composrtion ,s 
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irradiated 

r0122l While the invention has been described in detail and with reference to specific ennbodiments thereof, it will 
be apparent to one skillod in the art that various changes and nnodifications can be nnade therein without departing 
from the spirit and scope thereof. 



Claims 

1 . A photocurablo composition comprising: 

(A) an a-cyanoacrylate; 

(B) a metallocene compound comprising a transition metal of Group VIII of the periodic table and aromatic 
electron system ligands; and 

(C) a cleavage-type photolnitiator. 

2. The photocurablo composition of claim 1 , wherein each of the aromatic electron system ligands in the metallocene 
compound (B) is aii-arene, indenyl or ii-cyclopentadienyl. 

3 The photocurable composition of claim 1 or 2, wherein the metallocene compound (B) comprising a transition 
metal of Group VIII of the periodic table and aromatic electron system ligands Is represented by the following 
fomnula (I): 




(I) 

M 



wherein M represents a transition metal of Group VIII of the periodic table; R represents a halogen atom, a hydro- 
carbon group having 1 to 20 carbon atoms, a halogenated hydrocarbon group having 1 to 20 carbon atoms, or a 
silicon atom-containing, oxygen atom-containing, sulfur atom-containing, or phosphorus atom-containing group 
having 1 to 20 carbon atoms, provided that the R's may be the same or different and may be crosslinked to each 
other- symbol a represents an integer of from 0 to 5; and the groups [Ra-Cp] (Cp represents T,-cyclopentadienyl) 
may be the same or different. 

4. The photocurable composition of any of claims 1 to 3, wherein the transition metal of Group VIII of the periodic 
table in the metallocene compound (B) comprises iron, osmium, ruthenium, cobalt or nickel. 

5. The photocurable composrtion of claim 4. wherein the transition metal of Group VIII of the periodic table in the 
metallocene compound (B) comprises iron, osmium or ruthenium. 

6. The photocurable composition of claim 3, wherein the sum of the two a's of the two R's as substituents on the 
metallocene compound is 0 or 1 . 

7. The photocurable composition of claim 6, wherein the sum of the two a's is 1 . 

8. The photocurable composition of any of claims 3 to 7, wherein R Is a lower alkyi group. 

9. The photocurable composition of claim 8, wherein R Is a methyl, ethyl or butyl group. 

10. The photocurable composition of any of claims 3 to 9, wherein the addition amount of component (B) is 10 to 
100,000 ppm by weight, based on the weight of component (A). 
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11. The photocurable composition of any of claims 1 to 10, wherein the cleavage-type photoinitiator (C) is an ace- 
tophenone photoinitiator. 

12. The photocurable composition of any of claims 1 to 1 0, wherein the cleavage-type photoinitiator (C) is a benzoin 
5 photoinitiator. 

13. The photocurable composition of any of claims 1 to 10, wherein the cleavage-type photoinitiator (C) is a peroxide 
or an azo compound. 

10 14. The photocurable composition of any of claims 1 to 13. wherein the addition amount of component (C) is 100 to 
20,000 ppm by weight, based on the weight of component (A). 

15. The photocurable composition of any of claims 1 to 14. wherein the a-cyanoacrylate (A) is represented by the 
following fomnula (II): 

15 

H2C=:C(CN)-COOR (") 
wherein R is an ester residue selected from an alkyl. cycloalkyl. alkenyl. cycloalkenyl, alkynyl or aryl group. 

20 
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